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CORPORATE SOURCE: Inst. Mol. Genet., Czech. Acad. Sci . , Prague, Czech. 

SOURCE: Mol. Reprod. Dev. (1992), 33(2), 165-71 

CODEN: MREDEE; ISSN: 1040-452X 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Sperm coating proteins of 16, 17, and 19 kDa have been purified from boar 
seminal plasma. The 17 kDa protein has been identified as an 
antigen recognized by monoclonal antibody ACR.3 and is thus identical to 
low mol. mass zona pellucida binding protein 

from boar spermatozoa (Moos, J., et al . , 1990). The 17 and 19 kDa 
proteins are glycosylated and tend to form 

hetero-complexes. The 17 kDa ACR.3 antigen is sequentially released from 
the sperm cell surface during capacitation and, after induction of the 
acrosome reaction, the 16 kDa form was also obsd. Immunocytochem. studies 
on boar reproductive tissues have suggested that the seminal vesicle 
epithelium may be the source of these proteins. 
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ACCESSION NUMBER: 1988:434792 HCAPLUS 

DOCUMENT NUMBER: 109:34792 

TITLE: Monoclonal antibodies specific for an oviductal 

component associated with the hamster zona pellucida 
AUTHOR(S): St-Jacques, Sylvie; Bleau, Gilles 

CORPORATE SOURCE: Dep. Obstet. Gynecol., Univ. Montreal, Montreal, PQ, 

Can. 

SOURCE: J. Reprod. Immunol. (1988), 12(4), 247-61 

CODEN: JRIMDR; ISSN: 0165-0378 
DOCUMENT TYPE: Journal 
lANGUAGE : English 

AB Five monoclonal antibodies (MAbs) were produced against oviductal 
zona pellucida (ZP) of the hamster. They were purified 

from ascitic fluid by HPLC on hydroxylapatite and anion-exchange columns. 
All 5 MAbs reacted selectively with oviductal ZP and oviductal secretions; 
no binding was obsd. to intra-ovarian ZP. A study of the tissue 
specificity, as evaluated by indirect immunofluorescence, revealed the 
binding of all of these Abs only to the oviduct and, to a lesser extent, 
to the uterus. A cytosolic fraction from hamster oviduct was subjected to 
SDS-PAGE under reducing conditions and electro-transfer to a 
nitrocellulose membrane; immunoenzymic staining showed a reaction with a 
polydispersed oviductal component of high mol. wt . ( . apprx. 200, 000) . The 
native antigen has a mol. wt. >400,000 as detd. by mol. sieve chromatog. 
Thus, an oviductal antigen is added to the hamster ZP during its transit 
through the oviduct. This antigen, called oviductin, is a heavily 
glycosylated protein of high mol. wt. 
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TITLE: Synthesis of zona pellucida proteins by denuded and 
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AUTHOR(S): Bleil, Jeffrey D. ; Wassarman, Paul M. 

CORPORATE SOURCE: Dep. Biol. Chem. , Harvard Med. Sch., Boston, MA, 

02115, USA 

SOURCE: Proc. Natl. Acad. Sci. U. S. A. (1980), 77(2), 1029-33 
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DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB To det. whether the zona pellucida originates from the oocyte, surrounding 
follicle cells, or both, denuded and follicle-enclosed mouse oocytes at 
various stages of growth were isolated and cultured in vitro in the 
presence of either methionine-35S or fucose-3H to det. the site of 
synthesis of the 3 recently identified zona pellucida proteins, ZPl, ZP2, 
and ZP3. Approx. 1.5% of the methionine-35S, and as much as 45% 
of the fucose-3H, that was incorporated into TCA-insol. material by 
denuded or follicle-enclosed oocytes during a 12-h culture period was 
assocd. with zonae pellucidae removed from the cultured oocytes. 
Incorporation of methionine-35S into zona pellucida proteins was depressed 
to <l/50th when denuded oocytes were cultured in the presence of 
puromycin, and secretion of zona pellucida proteins by denuded oocytes was 
demonstrated by pulse-chase expts . Na dodecyl sulf ate-polyacrylamide gel 
electrophoresis of methionine-35S- and fucose-3H-labeled proteins present 
in oocytes, zonae pellucidae, and follicle cells revealed that denuded 
oocytes synthesize and secrete zona pellucida proteins, whereas no 
evidence was obtained to suggest that follicle cells synthesize these 
proteins. Denuded oocytes, ranging in diam. from 48 to 68 .mu., 
incorporated both methionine-35S and fucose-3H into zona pellucida 
proteins during culture in vitro, whereas zonae pellucidae removed from 
fully-grown oocytes (85 .mu.) were not radiolabeled to a significant 
extent. After culture of denuded or follicle-enclosed oocytes for 12 h, 
>95% of the fucose-3H incorporated into oocyte proteins was found in ZPl, 
ZP2, and ZP3, indicating that zona pellucida proteins are the 
major class of proteins glycosylated during oocyte 

growth. Apparently, the zona pellucida originates from the mammalian 
oocyte itself, rather than from the surrounding follicle cells. 
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Cloning and characterization of a zona pellucida 
cDNA from a marsupial, the brushtail possum 
Trichosurus vulpecula 
McCartney, Carmen A.; Mate, Karen E. 
Cooperative Research Centre for Conservation and 
Management of Marsupials, School of Biological 
Sciences, Macquarie University, 2109, Australia 
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SOURCE- Zygote (1999), 7(1), 1-9 

CODEN: ZYGOEB; ISSN: 0967-1994 
PUBLISHER: Cambridge University Press 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The mammalian zona pellucida (ZP) is an extracellular 

glycoprotein coat that plays vital roles throughout fertilization and 

preimplantation development. Like that of eutherian mammals the brushtaxl 

possum ZP is composed of three glycosylated proteins 

of 137 kDa, 92 kDa and 62 kDa. The 62 kDa protein is a 

ZP3 ortholog based on its nucleotide and deduced amino acid 

sequence. The brushtail possum ZP3 cDNA isolated in this study 

is 1305 nucleotides with an open reading frame encoding a 422 amino acid 

peptide of 45.7 kDa. Possum ZP3 has a 46% amino acid identity 

with eutherian ZP3 and shares similar structural characteristics 

including 12 conserved cysteine residues, N-linked glycosylation sites and 

hydrophobic regions. Like human and rabbit ZPl an altered furin 

cleavage site upstream of the c-terminal hydrophobic domain also occurs m 

possum ZP3 (S-R-K-R) , suggestive of processing by a 

furin-related endoprotease . Expression of brushtail possum ZP3 

is limited to the ovary. Characterization of brushtail possum ZP3 

will enable examn. of its functional role in marsupial fertilization and 

its effectiveness as an immunocontraceptive agent. 
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^jTLE- Modeling human sperm-egg interactions in vitro: signal 

transduction pathways regulating the acrosome reaction 
AUTHOR(S): Benoff, Susan 

CORPORATE SOURCE: Department of Obstetrics and Gynecology, North Shore 

University Hospital-New York University Medical 



SOURCE ; 



College, Manhasset, NY, 11030, USA l lO , 

Mol. Hum. Reprod. (1998), 4(5), 453-471 ^ 0^^ ^\ 
CODEN: MHREFD; ISSN: 1360-9947 I 

nvford Universitv Press Pf^ U 



PUBLISHER: Oxford University Press ^ 

DOCUMENT TYPE: Journal; General Review 

LANGUAGE: English ^ ^ 

AB A review with many refs. Recent advances in characterizing sperm surface 
receptors and ion channels, when combined with the rapidly expanding 
knowledge of interactions among second messenger systems m somatic cells, 
permit formulation of a tentative mol. mechanism for the regulation of the 
human sperm acrosome reaction. As spermatozoa pass through the 
cumulus mass, progesterone binds to its sperm surface receptor, 
alkalinizes the sperm head cytosol and potentiates changes in 
intracellular ionized calcium. Primary binding of spermatozoa to egg 
involves receptors for mannosyl, N-acetylglucosaminyl and, possibly, 
fucosyl residues of the glycosylated zona protein, 
ZP3 These receptors aggregate on multivalent ligand binding, 
migrate to the equatorial region along an actin filament network formed 
between the plasma and acrosomal membranes during capacitation, and 
activate a G protein/protein kinase A/protein kinase C second messenger 
system and a secondary proteolysis signal. Binding of a receptor tyrosine 
kinase to ZP3 amino acid residues simultaneous with the sugar 
recognition event triggers tyrosine phosphorylation signalling. All 
signals combine to open a voltage-dependent calcium channel. The 
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resulting elevated calcium signal depolymerizes the inter-membrane actin 
network and activates phospholipases, leading to an acrosome reaction. 
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Expression of a Recombinant Porcine Zona Pellucida 
Glycoprotein ZPl in Mammalian Cells 
Tsubamoto, Hiroshi; Yamasaki, Noriyuki; Hasegewa, 
Akiko; Koyama, Koji 

Department of Obstetrics and Gynecology, Hyogo College 
of Medicine, Nishinomiya, 663-8501, Japan 
Protein Expression Purif. (1999), 17(1), 8-15 
CODEN: PEXPEJ; ISSN: 1046-5928 
Academic Press 
Journal 
English 

Porcine zona pellucida glycoprotein (pZPl) is a good candidate for a 
contraceptive vaccine. For the purpose of producing glycosylated pZPl, 
several types of recombinant pZPl proteins were produced m mammalian cell 
lines In the first expt . , a minigene encoding pZPl (681 amino acids) was 
designed for insertion into an expression vector and then transfected to 
three cell lines (293T, CHO-Kl, and LLC-PKl). The resulting recombinant 
proteins were highly glycosylated and were localized in 

the cytoplasm. To produce a secretory type of recombinant pZPl, m the 
second expt., a cDNA coding for pZPl excluding a putative transmembrane 
region and a smaller cDNA coding for 1-198 amino acid residues of pZPl 
were designed to produce fusion proteins with the human IgGl heavy chain. 
The resultant recombinant proteins were secreted into the supernatant from 
both transfected cell cultures. Recombinant secretory proteins are useful 
because of their simple affinity purifn. (c) 1999 Academic Press. 
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1996:205023 HCAPLUS 
124:312986 

Evaluating zona pellucida 

structure and function using antibodies to rabbit 55 
kDa ZP protein expressed in baculovirus 
expression system 

Prasad, Sarvamangala V . ; Wilkins, Brendan; Skinner, 
Sheri M. ; Dunbar, Bonnie S. 

Dep. Cell Biol., Baylor Coll. Med., Houston, TX, 
77030, USA 

Mol. Reprod. Dev. (1996), 43(4), 519-29 
CODEN: MREDEE; ISSN: 1040-452X 
Journal 

-^^E.. English 

A CDNA encoding the rabbit 55 kDa ZP protein was expressed using a 
baculovirus expression system and was evaluated for its ability to elicit 
antibodies which may interfere with sperm-ZP interaction. The expressed 
Qlvcosylated protein, BV55, was purified by wheat germ 
agglutinin lectin affinity chromatog. Antisera made in guinea pigs 
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immunized with BV55 (GP- . alpha . -BV55 ) is specific for the 55 kDa rabbit ZP 
protein. Indirect immunofluorescence studies indicate that 
GP-. alpha. -BV551ocalizes to a filamentous meshwork on the surface of the 
ZP of isolated rabbit eggs. Immunohistochem. anal, of rabbit ovaries 
demonstrated that this antigen is localized within the ZP of primary and 
more advanced stage ovarian follicles but is not detected in primordial 
follicles. In addn., the 55 kDa antigen was detected in the granulosa 
cells of secondary stage follicles but not in the oocyte. GP- . alpha . -BV55 
effectively blocked the binding of rabbit sperm to rabbit eggs in vitro. 
However, Fab fragments generated from GP- . alpha . -BV55 failed to block 
sperm binding, suggesting that the inhibitory effect of GP- . alpha . -BV55 
was due to stearic hindrance rather than specific blocking of a sperm 
receptor site. Although the Fab fragment did not inhibit sperm hinding, 
addnl. studies demonstrated that biotinylated BV55 protein bound to rabbit 
sperm in the acrosomal region in a manner consistent with ligand activity 
in the sperm-ZP interaction, and that BV55 bound to rabbit sperm in a 
dose-dependent manner. These studies therefore demonstrate that 
antibodies against recombinant ZP proteins recognize the native intact ZP 
and inhibit sperm-ZP interaction. They also provide evidence that the 
rabbit 55 kDa ZP protein, which is the homolog of the pig ZP3 
.alpha, sperm receptor protein, has sperm receptor activity. 
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rpjrpLE: Allelic polymorphism in the hamster oviductm gene is 

due to a variable number of mucin-like tandem repeats 

AUTHOR(S): Paquette, Yves; Merlen, Yannick; Malette, Brigitte; 

Bleau, Gilles 

CORPORATE SOURCE: Dep. of Biochemistry, Univ. de Montreal, Montreal, PQ, 

Can . 

SOURCE: Mol. Reprod. Dev. (1995), 42(4), 388-96 

CODEN: MREDEE; ISSN: 1040-452X 
DOCUMENT TYPE: Journal 

LANGUAGE: English ... ^ 4-u 

AB Oviductins are high-mol . -wt . glycoproteins specifically secreted by the 
oviduct These proteins bind to the zona pellucida of 

the ovulated oocyte and remain assocd. with the embryo during its transit 
in the oviduct. They may be involved in fertilization and early embryonic 
development. In order to explore their putative biol. function, the cDNA 
sequence corresponding to oviductin in the golden hamster was detd. The 
deduced amino acid sequence of this heavily 0-glycosylated 
protein presents characteristics typical of mucins, including 
serine- or threonine-rich tandem repeats. Anal, of several cDNA clones 
and of genomic DNA revealed the presence of a single copy gene with 2 
frequent alleles differing in the no. of repeats. Comparison with 
oviductin sequences from other mammals indicates a high degree of 
conservation amongst species, except fr the repeat region which shows 
divergence, notably in the no. of repeats. Based on its biochem. and 
genetic properties, hamster oviductin can now be classified as a secretory 
mucin. This concept provides a new insight in the elucidation of its 
biol role: oviductin could possibly provide the oviduct and the oocyte 
with a protective coating ensuring normal tubal function and embryonic 
development . 
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1995 : 504019 HCAPLUS 
122:256544 

Iinmunogenicity enhancement of recombinant rabbit 
55-kilodalton zona pellucida 
protein expressed using the baculovirus 
expression system 

Prasad, Sarvamangala V . ; Mujtaba, Shiraz; Lee, Vaughan 
H.; Dunbar, Bonnie S. 

Dep. Cell Biol., Baylor Coll. Med., Houston, TX, 
77030, USA 

Biol. Reprod. (1995), 52(5), 1167-78 
CODEN: BIREBV; ISSN: 0006-3363 
Journal 
English 

In the present study we have used a mol . approach to evaluate the 
immunogenicity of glycosylated and non-glycosylated recombinant rabbit 
55-kDa zona pellucida (ZP) protein. The 

55-kDa cDNA was expressed in insect (Sf9) cells through use of a 

baculovirus expression system to obtain nonfusion glycosylated 

recombinant ZP protein (BV-55) . SDS-PAGE and immunoblot anal. 

demonstrated that the recombinant protein is expressed as two 

forms having relative mol. masses of 70 kDa and 80 kDa. Because cells 

treated with tunicamycin produce predominantly the 70-kDa form, this 

heterogeneity is presumed to be due to differential glycosylation . 

Further studies using lectin blot and immunoblot analyses showed that the 

BV-55 protein has both N-linked and 0-linked oligosaccharides. 

However, this glycosylation is distinct from that of the native 55 kDa ZP 

protein since it was not recognized by a monoclonal antibody 

assocd. with lactosaminoglycan-type carbohydrate epitopes in native ZP 

proteins. Immunogenicity studies demonstrated that antibodies against the 

BV-55 protein are developed by female rabbits and guinea pigs 

and that these antibodies recognize epitopes assocd. with native, 

enzyme-deglycosylated as well as nonglycosylated recombinant forms of the 

rabbit 55-kDa ZP protein. In contrast, recombinant 

protein expressed in bacteria did not elicit antibodies in either 

rabbits or guinea pigs. These results demonstrate that expression of the 

55-kDa recombinant protein in the baculovirus expression system 

enhances its immunogenicity. 
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Characterization of two glycosylated boar 
spermadhesins 

Calvete, Juan Jose; Solis, Dolores; Sanz, Libia; 
Diaz-Maurino, Teresa; Schaefer, Wolfram; Mann, 
Karlheinz; Topf er-Petersen, Edda 
Inst. Reproduktionsmed. , Tieraerztl . Hochsch. 
Hannover, Hannover, D-30599, Germany 
Eur. J. Biochem. (1993), 218(2), 719-25 
CODEN: EJBCAI; ISSN: 0014-2956 
Journal 
English 

sins AQN-1, AQN-3 and AWN form a recently described 
synthesized by the sexual accessory glands, and 
with the sperm head upon ejaculation. They contain 109-133 
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amino acid residues, two conserved disulfide bridges, are not 
glycosylated, and have 40-60% primary structure identity. These boar 
polypeptides are multifunctional proteins, which possess heparin-, 
serine-protease-inhibitor- and/or zona-pellucida 

-glycoprotein-binding capability and have, therefore, been implicated in 
sperm capacitation and sperm-oocyte attachment. AQN-2 (18-20 kDa) , 
however, is unique among boar spermadhesins in that it is the only member 
of the family which is known to be glycosylated and which possesses weak 
zona-pellucida-binding but not seminal-plasma-inhibitor- 
binding ability. In this study the authors report the structural and 
functional characterization of the two glycoproteins contained in the 
AQN-2 fraction. One component is identical with PSP-I, a major porcine 
seminal plasma protein whose function has not yet been 
identified, while the second protein is a glycosylated 
isoform of AQN-3. Here the authors show that the inability of the 
glycosylated boar spermadhesins to bind seminal-plasma protease inhibitors 
as well as the weak binding of glycosylated AQN-3 to zona 
pellucida glycoproteins is due to the presence of the 

oligosaccharide chain on a conserved asparagine residue. This indicates 
that modification of a spermadhesin polypeptide framework may serve to 
modulate its ligand-binding capabilities. 

L8 ANSWER 6 OF 9 HCAPLUS COPYRIGHT 2000 ACS 
ACCESSION NUMBER: 1993:468907 HCAPLUS 
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TITLE: Identification of a region of mouse pellucida 

glycoprotein mZP3 that possesses sperm receptor 
activity 

AUTHOR(S): Rosiere, Thomas K.; Wassarman, Paul M. 

CORPORATE SOURCE: Roche Inst. Mol . Biol., Roche Research Cent., Nutley, 

NJ, 07110, USA 

SOURCE: Dev. Biol. (1992), 154(2), 309-17 

CODEN: DEBIAO; ISSN: 0012-1606 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Purified, radioiodinated mouse zona pellucida glycoprotein ZP3 

(mZPS) was digested by either papain or V8 protease, and the glycopeptides 
produced were fractionated by HPLC and assayed for sperm receptor activity 
in vitro. Each proteolytic digest of mZP3 contained a heavily 
glycosylated peptide, . apprx . 55, 000 apparent Mr, that 

exhibited sperm receptor activity in vitro. To det. the region of mZP3 
polypeptide from which the active glycopeptides were derived. Western gel 
immunoblotting, employing an antiserum directed against a specific mZP3 
peptide epitope, and automated N-terminal amino acid sequencing were 
employed. The active glycopeptides produced by digestion of mZP3 with 
either papain or V8 protease are derived from the same region of the 
C-terminal half of the mZP3 polypeptide. These and other findings are 
discussed in terms of mZP3 structure and function. 
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TITLE: Purification and partial characterization of the 17 
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AUTHOR(S): Moos, Jiri; Veselsky, Leopold; Peknicova, Jana; 

Drahorad, Josef 
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CORPORATE SOURCE: Inst. Mol . Genet., Czech. Acad. Sci . , Prague, Czech. 

SOURCE: Mol. Reprod. Dev. (1992), 33(2), 165-71 

CODEN: MREDEE; ISSN: 1040-452X 
DOCUMENT TYPE: Journal 
IJ\NGUAGE: English 

AB Sperm coating proteins of 16, 17, and 19 kDa have been purified from boar 
seminal plasma. The 17 kDa protein has been identified as an 
antigen recognized by monoclonal antibody ACR.3 and is thus identical to 
low mol. mass zona pellucida binding protein 

from boar spermatozoa (Moos, J., et al . , 1990). The 17 and 19 kDa 
proteins are glycosylated and tend to form 

hetero-complexes. The 17 kDa ACR.3 antigen is sequentially released from 
the sperm cell surface during capacitation and, after induction of the 
acrosome reaction, the 16 kDa form was also obsd. Immunocytochem. studies 
on boar reproductive tissues have suggested that the seminal vesicle 
epithelium may be the source of these proteins. 
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TITLE: Monoclonal antibodies specific for an oviductal 

component associated with the hamster zona pellucida 
AUTHOR(S): St-Jacques, Sylvie; Bleau, Gilles 

CORPORATE SOURCE: Dep. Obstet. Gynecol., Univ. Montreal, Montreal, PQ, 

Can. 

SOURCE: J. Reprod. Immunol. (1988), 12(4), 247-61 

CODEN: JRIMDR; ISSN: 0165-0378 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Five monoclonal antibodies (MAbs) were produced against oviductal 
zona pellucida (ZP) of the hamster. They were purified 

from ascitic fluid by HPLC on hydroxylapatite and anion-exchange columns. 
All 5 MAbs reacted selectively with oviductal ZP and oviductal secretions; 
no binding was obsd. to intra-ovarian ZP. A study of the tissue 
specificity, as evaluated by indirect immunofluorescence, revealed the 
binding of all of these Abs only to the oviduct and, to a lesser extent, 
to the uterus. A cytosolic fraction from hamster oviduct was subjected to 
SDS-PAGE under reducing conditions and electro-transfer to a 
nitrocellulose membrane; immunoenzymic staining showed a reaction with a 
polydispersed oviductal component of high mol. wt . ( . apprx. 200, 000) . The 
native antigen has a mol. wt. >400, 000 as detd. by mol. sieve chromatog. 
Thus, an oviductal antigen is added to the hamster ZP during its transit 
through the oviduct. This antigen, called oviductin, is a heavily 
glycosylated protein of high mol. wt. 
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^jTLE; Synthesis of zona pellucida proteins by denuded and 

follicle-enclosed mouse oocytes during culture in 
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AUTHOR(S): Bleil, Jeffrey D.; Wassarman, Paul M. 

CORPORATE SOURCE: Dep. Biol. Chem. , Harvard Med. Sch., Boston, MA, 
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AB To det. whether the zona pellucida originates from the oocyte, surrounding 
follicle cells, or both, denuded and follicle-enclosed mouse oocytes at 
various stages of growth were isolated and cultured in vitro in the 
presence of either methionine-35S or fucose-3H to det. the site of 
synthesis of the 3 recently identified zona pellucida proteins, ZPl, ZP2, 
and ZP3. Approx. 1.5% of the methionine-35S, and as much as 45% 
of the fucose-3H, that was incorporated into TCA-insol. material by 
denuded or follicle-enclosed oocytes during a 12-h culture period was 
assocd. with zonae pellucidae removed from the cultured oocytes. 
Incorporation of methionine-35S into zona pellucida proteins was depressed 
to <l/50th when denuded oocytes were cultured in the presence of 
puromycin, and secretion of zona pellucida proteins by denuded oocytes was 
demonstrated by pulse-chase expts . Na dodecyl sulf ate-polyacrylamide gel 
electrophoresis of methionine-35S- and f ucose-3H-labeled proteins present 
in oocytes, zonae pellucidae, and follicle cells revealed that denuded 
oocytes synthesize and secrete zona pellucida proteins, whereas no 
evidence was obtained to suggest that follicle cells synthesize these 
proteins. Denuded oocytes, ranging in diam. from 48 to 68 .mu., 
incorporated both methionine-35S and fucose-3H into zona pellucida 
proteins during culture in vitro, whereas zonae pellucidae removed from 
fully-grown oocytes (85 .mu.) were not radiolabeled to a significant 
extent. After culture of denuded or follicle-enclosed oocytes for 12 h, 
>95% of the fucose-3H incorporated into oocyte proteins was found in ZPl, 
ZP2, and ZP3, indicating that zona pellucida proteins are the 
major class of proteins glycosylated during oocyte 

growth. Apparently, the zona pellucida originates from the mammalian 
oocyte itself, rather than from the surrounding follicle cells. 
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Cloning and characterization of a zona pellucida 3 

cDNA from a marsupial, the brushtail possum 

Trichosurus vulpecula 

McCartney, Carmen A.; Mate, Karen E, 

Cooperative Research Centre for Conservation and 
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Management of Marsupials, School of Biological 
Sciences, Macquarie University, 2109, Australia 
Zygote (1999), 7(1), 1-9 
CODEN: ZYGOEB; ISSN: 0967-1994 
Cambridge University Press 
Journal 
English 

The mammalian zona pellucida (ZP) is an extracellular 
glycoprotein coat that plays vital roles throughout fertilization and 
preimplantation development. Like that of eutherian mammals the brushtail 
possum ZP is composed of three glycosylated proteins 
of 137 kDa, 92 kDa and 62 kDa . The 62 kDa protein is a 
ZP3 ortholog based on its nucleotide and deduced amino acid 
sequence. The brushtail possum ZP3 cDNA isolated in this study 
is 1305 nucleotides with an open reading frame encoding a 422 amino acid 
peptide of 45.7 kDa. Possum ZP3 has a 46% amino acid identity 
with eutherian ZP3 and shares similar structural characteristics 
including 12 conserved cysteine residues, N-linked glycosylation sites and 
hydrophobic regions. Like human and rabbit ZPl an altered furin 
cleavage site upstream of the C-terminal hydrophobic domain also occurs in 
possum ZP3 (S-R-K-R), suggestive of process.ing by a 
furin-related endoprotease . Expression of brushtail possum ZP3 
is limited to the ovary. Characterization of brushtail possum ZP3 
will enable examn. of its functional role in marsupial fertilization and 
its effectiveness as an immunocontraceptive agent. 
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1998: 404617 HCAPLUS 
129:187090 

Modeling human sperm-egg interactions in vitro: signal 
transduction pathways regulating the acrosome reaction 
Benoff, Susan 

Department of Obstetrics and Gynecology, North Shore 
University Hospital-New York University Medical 
College, Manhasset, NY, 11030, USA 
Mol. Hum. Reprod. (1998), 4(5), 453-471 
CODEN: MHREFD; ISSN: 1360-9947 
Oxford University Press 
Journal; General Review 
English 

A review with many refs. Recent advances in characterizing sperm surface 
receptors and ion channels, when combined with the rapidly expanding 
knowledge of interactions among second messenger systems in somatic cells, 
permit formulation of a tentative mol. mechanism for the regulation of the 
human sperm acrosome reaction. As spermatozoa pass through the 
cumulus mass, progesterone binds to its sperm surface receptor, 
alkalinizes the sperm head cytosol and potentiates changes in 
intracellular ionized calcium. Primary binding of spermatozoa to egg 
involves receptors for mannosyl, N-acetylglucosaminyl and, possibly, 
fucosyl residues of the glycosylated zona protein, 
ZP3. These receptors aggregate on multivalent ligand binding, 
migrate to the equatorial region along an actin filament network formed 
between the plasma and acrosomal membranes during capacitation, and 
activate a G protein/protein kinase A/protein kinase C second messenger 
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system and a secondary proteolysis signal. Binding of a receptor tyrosine 
kinase to ZP3 amino acid residues simultaneous with the sugar 
recognition event triggers tyrosine phosphorylation signalling. All 
signals combine to open a voltage-dependent calcium channel. The 
resulting elevated calcium signal depolymerizes the inter-membrane actin 
network and activates phospholipases, leading to an acrosome reaction. 
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Expression of a Recombinant Porcine Zona Pellucida 
Glycoprotein ZPl in Mammalian Cells 
Tsubamoto, Hiroshi; Yamasaki, Noriyuki; Hasegewa, 
Akiko; Koyama, Koji 

Department of Obstetrics and Gynecology, Hyogo College 
of Medicine, Nishinomiya, 663-8501, Japan 
Protein Expression Purif. (1999), 17(1), 8-15 
CODEN: PEXPEJ; ISSN: 1046-5928 
Academic Press 
Journal 
English 

Porcine zona pellucida glycoprotein (pZPl) is a good candidate for a 
contraceptive vaccine. For the purpose of producing glycosylated pZPl, 
several types of recombinant pZPl proteins were produced in mammalian cell 
lines. In the first expt., a minigene encoding pZPl (681 amino acids) was 
designed for insertion into an expression vector and then transfected to 
three cell lines (293T, CHO-Kl, and LLC-PKl) . The resulting recombinant 
proteins were highly glycosylated and were localized in 
the cytoplasm. To produce a secretory type of recombinant pZPl, in the 
second expt,, a cDNA coding for pZPl excluding a putative transmembrane 
region and a smaller cDNA coding for 1-198 amino acid residues of pZPl 
were designed to produce fusion proteins with the human IgGl heavy chain. 
The resultant recombinant proteins were secreted into the supernatant from 
both transfected cell cultures. Recombinant secretory proteins are useful 
because of their simple affinity purifn. (c) 1999 Academic Press. 
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Evaluating zona pellucida 

structure and function using antibodies to rabbit 55 
kDa ZP protein expressed in baculovirus 
expression system 

Prasad, Sarvamangala V.; Wilkins, Brendan; Skinner, 
Sheri M. ; Dunbar, Bonnie S. 

Dep. Cell Biol., Baylor Coll. Med., Houston, TX, 
77030, USA 

Mol. Reprod. Dev. (1996), 43(4), 519-29 
CODEN; MREDEE; ISSN: 1040-452X 
Journal 
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LANGUAGE: English 

AB A cDNA encoding the rabbit 55 kDa ZP protein was expressed using a 

baculovirus expression system and was evaluated for its ability to elicit 
antibodies which may interfere with sperm-ZP interaction. The expressed 
glycosylated protein, BV55, was purified by wheat germ 
agglutinin lectin affinity chromatog. Antisera made in guinea pigs 
immunized with BV55 ( GP- , alpha . -BV55 ) is specific for the 55 kDa rabbit ZP 
protein. Indirect immunofluorescence studies indicate that 
GP-. alpha. -BV551ocalizes to a filamentous meshwork on the surface of the 
ZP of isolated rabbit eggs . Immunohistochem. anal, of rabbit ovaries 
demonstrated that this antigen is localized within the ZP of primary and 
more advanced stage ovarian follicles but is not detected in primordial 
follicles. In addn., the 55 kDa antigen was detected in the granulosa 
cells of secondary stage follicles but not in the oocyte. GP- . alpha . -BV55 
effectively blocked the binding of rabbit sperm to rabbit eggs in vitro. 
However, Fab fragments generated from GP- . alpha . -BV55 failed to block 
sperm binding, suggesting that the inhibitory effect of GP- . alpha . -BV55 
was due to stearic hindrance rather than specific blocking of a sperm 
receptor site. Although the Fab fragment did not inhibit sperm binding, 
addnl. studies demonstrated that biotinylated BV55 protein bound to rabbit 
sperm in the acrosomal region in a manner consistent with ligand activity 
in the sperm-ZP interaction, and that BV55 bound to rabbit sperm in a 
dose-dependent manner. These studies therefore demonstrate that 
antibodies against recombinant ZP proteins recognize the native intact ZP 
and inhibit sperm-ZP interaction. They also provide evidence that the 
rabbit 55 kDa ZP protein, ' which is the homolog of the pig ZP3 
.alpha, sperm receptor protein, has sperm receptor activity. 

L8 ANSWER 3 OF 9 HCAPLUS COPYRIGHT 2000 ACS 
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TITLE; Allelic polymorphism in the hamster oviductin gene is 

due to a variable number of mucin-like tandem repeats 

AUTHOR (S) : Paquette, Yves; Merlen, Yannick; Malette, Brigitte; 

Bleau, Gilles 

CORPORATE SOURCE: Dep. of Biochemistry, Univ. de Montreal, Montreal, PQ, 

Can. 

SOURCE: Mol. Reprod. Dev. (1995), 42(4), 388-96 

CODEN: MREDEE; ISSN: 1040-452X 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Oviductins are high-mol . -wt . glycoproteins specifically secreted by the 
oviduct. These proteins bind to the zona pellucida of 

the ovulated oocyte and remain assocd. with the embryo during its transit 
in the oviduct. They may be involved in fertilization and early embryonic 
development. In order to explore their putative biol. function, the cDNA 
sequence corresponding to oviductin in the golden hamster was detd. The 
deduced amino acid sequence of this heavily 0- glycosylated 
protein presents characteristics - typical of mucins, including 
serine- or threonine-rich tandem repeats. Anal, of several cDNA clones 
and of genomic DNA revealed the presence of a single copy gene with 2 
frequent alleles differing in the no. of repeats. Comparison with 
oviductin sequences from other mammals indicates a high degree of 
conservation amongst species, except fr the repeat region which shows 
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divergence, notably in the no. of repeats. Based on its biochem. and 
genetic properties, hamster oviductin can now be classified as a secretory 
mucin. This concept provides a new insight in the elucidation of its 
biol. role: oviductin could possibly provide the oviduct and the oocyte 
with a protective coating ensuring normal tubal function and embryonic 
development . 
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TITLE: Immunogenicity enhancement of recombinant rabbit 

55-kilodalton zona pellucida 
protein expressed using the baculovirus 
expression system 

Prasad, Sarvamangala V.; Mujtaba, Shiraz; Lee, Vaughan 
H.; Dunbar, Bonnie S. 

Dep. Cell Biol., Baylor Coll. Med., Houston, TX, 
77030, USA 

Biol. Reprod. (1995), 52(5), 1167-78 
CODEN: BIREBV; ISSN: 0006-3363 
Journal 
English 

In the present study we have used a mol . approach to evaluate the 
immunogenicity of glycosylated and non-glycosylated recombinant rabbit 
55-kDa zona pellucida (ZP) protein. The 

55-kDa cDNA was expressed in insect (Sf9) cells through use of a 
baculovirus expression system to obtain nonfusion glycosylated 
recombinant ZP protein (BV-55) . SDS-PAGE and immunoblot anal, 
demonstrated that the recombinant protein is expressed as two 
forms having relative mol. masses of 70 kDa and 80 kDa . Because cells 
treated with tunicamycin produce predominantly the 70-kDa form, this 
heterogeneity is presumed to be due to differential glycosylation. 
Further studies using lectin blot and immunoblot analyses showed that the 
BV-55 protein has both N-linked and 0-linked oligosaccharides. 
However, this glycosylation is distinct from that of the native 55 kDa ZP 
protein since it was not recognized by a monoclonal antibody 
assocd. with lactosaminoglycan-type carbohydrate epitopes in native ZP 
proteins. Immunogenicity studies demonstrated that antibodies against the 
BV-55 protein are developed by female rabbits and guinea pigs 
and that these antibodies recognize epitopes assocd. with native, 
enzyme-deglycosylated as well as -nonglycosylated recombinant forms of the 
rabbit 55-kDa ZP protein. In contrast, recombinant 
protein expressed in bacteria did not elicit antibodies in either 
rabbits or guinea pigs. These results demonstrate that expression of the 
55-kDa recombinant protein in the baculovirus expression system 
enhances its immunogenicity. 
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Characterization of two glycosylated boar 
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Karlheinz; Topf er-Petersen, Edda 
CORPORATE SOURCE: Inst. Reproduktionsmed. , Tieraerztl. Hochsch. 

Hannover, Hannover, D-30599, Germany 
SOURCE: Eur. J. Biochem. (1993), 218(2), 719-25 

CODEN: EJBCAI; ISSN: 0014-2956 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Boar spermadhesins AQN-1, AQN-3 and AWN form a recently described 
protein family, synthesized by the sexual accessory glands, and 
become assocd. with the sperm head upon ejaculation. They contain 109-133 
amino acid residues, two conserved disulfide bridges, are not 
glycosylated, and have 40-60% primary structure identity. These boar 
polypeptides are multifunctional proteins, which possess heparin-, 
serine-protease-inhibitor- and/or zona-pellucida 

-glycoprotein-binding capability and have, therefore, been implicated in 
sperm capacitation and sperm-oocyte attachment. AQN-2 (18-20 kDa) , 
however, is unique among boar spermadhesins in that it is the only member 
of the family which is known to be glycosylated and which possesses weak 
zona-pellucida-binding but not seminal-plasma-inhibitor- 
binding ability. In this study the authors report the structural and 
functional characterization of the two glycoproteins contained in the 
AQN-2 fraction. One component is identical with PSP-I, a major porcine 
seminal plasma protein whose function has not yet been 
identified, while the second protein is a glycosylated 
isoform of AQN-3. ,Here the authors show that the inability of the 
glycosylated boar spermadhesins to bind seminal-plasma protease inhibitors 
as well as the weak binding of glycosylated AQN-3 to zona 
pellucida glycoproteins is due to the presence of the 

oligosaccharide chain on a conserved asparagine residue. This indicates 
that modification of a spermadhesin polypeptide framework may serve to 
modulate its ligand-binding capabilities, 

L8 ANSWER 6 OF 9 HCAPLUS COPYRIGHT 2000 ACS 
ACCESSION NUMBER: 1993:468907 HCAPLUS 

DOCUMENT NUMBER : 119:68907 

TITLE: Identification of a region of mouse pellucida 

glycoprotein mZP3 that possesses sperm receptor 
activity 

AUTHOR (S ) : Rosiere, Thomas K.; Wassarman, Paul M. 

CORPORATE SOURCE: Roche Inst. Mol . Biol., Roche Research Cent,, Nutley, 

NJ, 07110, USA 

SOURCE: Dev. Biol. (1992), 154(2), 309-17 

CODEN: DEBIAO; ISSN: 0012-1606 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Purified, radioiodinated mouse zona pellucida glycoprotein ZP3 

(mZP3) was digested by either papain or V8 protease, and the glycopeptides 
produced were fractionated by HPLC and assayed for sperm receptor activity 
in vitro. Each proteolytic digest of mZP3 contained a heavily 
glycosylated peptide, . apprx . 55, 000 apparent Mr, that 

exhibited sperm receptor activity in vitro. To det. the region of mZP3 
polypeptide from which the active glycopeptides were derived. Western gel 
immunoblotting, employing an antiserum directed against a specific mZP3 
peptide epitope, and automated N-terminal amino acid sequencing were 
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employed. The active glycopeptides produced by digestion of mZP3 with 
either papain or V8 protease are derived from the same region of the 
C-terminal half of the mZP3 polypeptide. These and other findings are 
discussed in terms of mZP3 structure and function. 
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Purification and partial characterization of the 17 
kDa sperm coating protein from boar seminal plasma 
Moos, Jiri; Veselsky, Leopold; Peknicova, Jana; 
Drahorad, Josef 

Inst. Mol. Genet., Czech. Acad. Sci., Prague, Czech. 
Mol. Reprod. Dev. (1992), 33(2), 165-71 
CODEN: MREDEE; ISSN: 1040-452X 
Journal 
English 

Sperm coating proteins of 16, 17, and 19 kDa have been purified from boar 
seminal plasma. The 17 kDa protein has been identified as an 
antigen recognized by monoclonal antibody ACR.3 and is thus identical to 
low mol. mass zona pellucida binding protein 

from boar spermatozoa (Moos, J., et al., 1990). The 17 and 19 kDa 
proteins are glycosylated and tend to form 

hetero-complexes , The 17 kDa ACR.3 antigen is sequentially released from 
the sperm cell surface during capacitation and, after induction of the 
acrosome reaction, the 16 kDa form was also obsd. Immunocytochem. studies 
on boar reproductive tissues have suggested that the seminal vesicle 
epithelium may be the source of these. proteins . 
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Monoclonal antibodies specific for an oviductal 
component associated with the hamster zona pellucida 
St-Jacques, Sylvie; Bleau, Gilles 

Dep. Obstet. Gynecol., Univ. Montreal, Montreal, PQ, 
Can. 

J. Reprod. Immunol. (1988), 12(4), 247-61 
CODEN: JRIMDR; ISSN: 0165-0378 
Journal 
English 

Five monoclonal antibodies (MAbs) were produced against oviductal 
zona pellucida (ZP) of the hamster. They were purified 

from ascitic fluid by HPLC on hydrpxylapatite and anion-exchange columns. 
All 5 MAbs reacted selectively with oviductal ZP and oviductal secretions; 
no binding was obsd. to intra-ovarian ZP. A study of the tissue 
specificity, as evaluated by indirect immunofluorescence, revealed the 
binding of all of these Abs only to the oviduct and, to a lesser extent, 
to the uterus. A cytosolic fraction from hamster oviduct was subjected to 
SDS-PAGE under reducing conditions and electro-transfer to a 
nitrocellulose membrane; immunoenzymic staining showed a reaction with a 
polydispersed oviductal component of high mol. wt. ( . apprx. 200, 000) . The 
native antigen has a mol. wt . >400,000 as detd. by mol. sieve chromatog. 
Thus, an oviductal antigen is added to the hamster ZP during its transit 
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through the oviduct. This antigen, called oviductin, is a heavily 
glycosylated protein of high mol. wt. 

LB ANSWER 9 OF 9 HCAPLUS COPYRIGHT 2000 ACS 
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TITLE: Synthesis of zona pellucida proteins by denuded and 

follicle-enclosed mouse oocytes during culture in 
vitro 

AUTHOR(S) : Bleil, Jeffrey D.; Wassarman, Paul M. 

CORPORATE SOURCE: Dep. Biol. Chem. , Harvard Med. Sch., Boston, MA, 

02115, USA 

SOURCE: Proc. Natl. Acad. Sci, U, S. A, (1980), 77(2), 1029-33 

CODEN: PNASA6; ISSN: 0027-8424 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB To det. whether the zona pellucida originates from the oocyte, s.urrounding 
follicle cells, or both, denuded and follicle-enclosed mouse oocytes at 
various stages of growth were isolated and cultured in vitro in the 
presence of either methionine-35S or fucose-3H to det, the site of 
synthesis of the 3, recently identified zona pellucida proteins, ZPl, ZP2, 
and ZP3. Approx. 1,5% of the methionine-35S, and as much as 45% 
of the fucose-3H, that was incorporated into TCA-insol. material by 
denuded or follicle-enclosed oocytes during a 12-h culture period was 
assocd. with zonae pellucidae removed from the cultured oocytes. 
Incorporation of methionine-35S into zona pellucida proteins was depressed 
to <l/50th when denuded oocytes were cultured in the presence of 
puromycin, and secretion of zona pellucida proteins by denuded oocytes was 
demonstrated by pulse-chase expts. Na dodecyl sulf ate-polyacrylamide gel 
electrophoresis of methionine-35S- and f ucose-3H-labeled proteins present 
in oocytes, zonae pellucidae, and follicle cells revealed that denuded 
oocytes synthesize and secrete zona pellucida proteins ,. whereas no 
evidence was obtained to suggest that follicle cells synthesize these 
proteins. Denuded oocytes, ranging in diam. from 48 to 68 .mu,, 
incorporated both methionine-35S and fucose-3H into zona pellucida 
proteins during culture in vitro, whereas zonae pellucidae removed from 
fully-grown oocytes (85 .mu.) were not radiolabeled to a significant 
extent. After culture of denuded or follicle-enclosed oocytes for 12 h, 
>95% of the fucose-3H incorporated into oocyte proteins was found in ZPl, 
ZP2, and ZP3, indicating that zona pellucida proteins are the 
major class of proteins glycosylated during oocyte 

growth. Apparently, the zona pellucida originates from the mammalian 
oocyte itself, rather than from the surrounding follicle cells. 



M. Smith 308-3278 



show files ' 
File 155:MEDLINE{R) 1966-2001/Aug W2 

(c) format only 2001 Dialog Corporation 
File 5:Biosis Previews (R) 1969-2001/ Jul W4 

(c) 2001 BIOSIS 
File 10:AGRICOLA 70-2001/ Jul 

(c) format only 2001 The Dialog Corporation 
File 34:SciSearch(R) Cited Ref Sci 1990-2001/ Jul W4 

(c) 2001 Inst for Sci Info 
File 35: Dissertation Abs Online 1861-2 001/ Jul 

(c) 2001 ProQuest Inf o&Learning 
File 50: CAB Abstracts 1972-2001/ Jun 

(c) 2001 CAB International 
File 71: ELSEVIER BIOBASE 1994-2001/ Jul W4 

(c) 2001 Elsevier Science B.V. 
File 73:EMBASE 1974-2001/ Jul W4 

(c) 2001 Elsevier Science B.V. 
File 76: Life Sciences Collection 1982-2001/May 

(c) 2001 Cambridge Sci Abs 
File 77: Conference Papers Index 1973-2001/ Jul 

(c) 2001 Cambridge Sci Abs 
File 144: Pascal 1973-2001/ Jul W4 

(c) 2001 INIST/CNRS 
File 149:TGG Health&Wellness DB(SM) 1976-2001/ Jul W3 

(c) 2001 The Gale Group 
File 151:HealthSTAR 1975-2000/Dec 

(c) format only 2000 The Dialog Corporation 
File 357:Derwent Biotechnology Abs 1982-2001/Aug Bl 

(c) 2001 Derwent Publ Ltd 
File 440:Current Contents Search (R) 1990-2001/Aug Wl 

(c) 2001 Inst for Sci Info 

7 

?ds 

Set Items Description 

51 300 (GLYCOP'EPTIDE? OR GLYCOPROTEIN?) (S)(ZP(W)3 OR ZP(W)III OR 

ZONA(W) PELLUCIDA OR HZP3 OR MZP3 OR ZP3) (S) OVAR? ( S ) SPERM? 

52 71 RD (unique items) 

53 47 S2 NOT PY=(2001 OR 2000 OR 1999 OR 1998) 
?t s3/3 ab/1-47 

3/AB/l (Item 1 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2001 Dialog Corporation. All rts . reserv. 

09658730 98119365 PMID: 9459277 

Prospects of zona pellucida glycoproteins as immunogens for contraceptive 
vaccine. 

Gupta SK; Jethanandani P; Afzalpurkar A; Kaul R; Santhanam R 

Gamete Antigen Laboratory, National Institute of Immunology, Aruna Asaf 
All Marg, New Delhi, India. GA@nii . ernet . in 

Human reproduction update (ENGL7\ND) Jul-Aug 1997, 3 (4) p311-24, 
ISSN 1355-4786 Journal Code: CUH 

Comment in Hum Reprod Update. 1997 Jul-Aug;3(4) 299-300 

Languages : ENGLISH 

Document type: Journal Article; Review; Review, Tutorial 
Record type: Completed 



The zona pellucida (ZP) surrounding a mammalian oocyte mediates the 
initial recognition and binding of spermatozoon to oocyte in a relatively 
species-specific manner and plays an important role in the subsequent 
activation events during the fertilization process. The 2P comprises three 
biochemically and immunologically distinct glycoproteins termed ZPl, ZP2 
and ZP3 . The critical role of ZP glycoproteins in reproduction together 
with their tissue-specific nature have led to their being considered as 
potential candidate antigens for ■ immunocontraception . Immunization of 
females with ZP glycoproteins leads to a block of fertility in several 
animal models. However, it is invariably associated with either a transient 
or an irreversible alteration in the cyclicity, hormonal profile and 
follicular development in the ovary . To overcome these problems, attempts 
are being made to delineate relevant 'B' cell epitopes on ZP proteins so as 
to design immunocontraceptive vaccines based on synthetic peptides devoid 
of oophoritogenic 'T* cell epitopes. Monoclonal antibodies capable of 
inhibiting the gamete interaction are being employed to delineate such 
regions. Additionally, DNA- recombinant technology has made it feasible to 
obtain, in reasonably large quantities, the ZP glycoproteins from human 
and non-human primates. Availability of sequence information of these zona 
proteins and the availability of recombinant antigens (devoid of other 
ovarian -associated proteins) will further help in understanding more 
precisely their functions during fertilization and make it feasible to 
undertake immunization studies to determine their prospects as immunogens 
for fertility regulation. 
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At the time of ovulation the lining epithelium of the mammalian oviduct 
consists of columnar ciliated and secretory cells. These mature cells are 
dependent on ovarian steroids' in carnivores. ©estradiol induces 
differentiation of these cells and maintains their mature functional state, 
and progesterone induces dedif f erentiation . The secretory cells synthesize 
and secrete an oestrogen-dependent high molecular weight glycoprotein . 
The cDNAs encoding oviductal glycoproteins from several species have been 
sequenced and show high similarity. The human cDNA hybridized with a single 
message on northern blots of total oviduct RNA obtained from 
oestradiol-treated cats (about 2.3 kb) and dogs (about 2.1 kb) . This 
glycoprotein is the major nonserum protein present in the oviductal lumen 
at the time of ovulation, fertilization and early embryonic development. 
The glycoproteins associate with the zona pellucida of oviductal eggs 
in all species studied to date. Recent studies suggest that the bovine 



glycoprotein facilitates sperm capacitation and significantly increases 
the ability of bovine spermatozoa to fertilize bovine oocytes in vitro, 
that the hamster glycoprotein increases the sperm penetration rate of 
the zona pellucida by three times and that the human glycoprotein 

increases sperm binding to the zona pellucida by three times. All of 
the evidence for a biological function for, this glycoprotein is derived 
from studies performed in several different species at reproductive stages 
before fertilization. The biological actions of this glycoprotein suggest 
a potential role for the glycoprotein in fertility control. Specifically, 
purified or recombinant glycoprotein may improve success in IVF 
procedures by enhancing binding of spermatozoa to the zona pellucida 

and improving fertilization rates. The glycoprotein may also be a 
potential immunocontraceptive target since antibodies generated against the 
oviductal glycoprotein may prevent fertilization by preventing binding of 

spermatozoa to the zona pellucida . 
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PROBLEM: Immunization with zona pellucida (ZP) glycoproteins leads to a 
block in fertility with a variable degree of ovarian dysfunction. To 
avoid autoimmune oophoritis, synthetic peptides corresponding to B cell 
epitope (s) and devoid of oophoritogenic T cell epitopes as immunogens have 
been proposed. The main objective of the present study is to define the 
epitopes recognized by monoclonal antibodies (mAbs) generated against 
porcine ZP3 beta, a homologue of the designated primary sperm receptor 
in mice and humans. METHODS: A multipin synthetic peptides approach has 
been used to map the epitopes recognized by mAbs. Dodecapeptides with an 
overlap of 6 amino acids corresponding to a precursor pZP3 beta-deduced 
amino acid sequence (excluding the signal sequence) were synthesized on 
polypropylene pins and were tested for their reactivity with mAbs by 
enzyme-linked immunoadsorbent assay (ELISA) . The ability of synthetic 
peptides corresponding to the identified epitopes to inhibit the binding of 
mAbs to pZP3 beta in a competitive inhibition ELISA was investigated to 
confirm the above findings. RESULTS: Reactivity of the mAbs with the 
pin-bound peptides in ELISA-identif led epitopes for mAb-451 to EEKLVF 
(166-171) and mAb-462/470 to FKAPRP (250-255) amino acid residues. mAb-30 
recognized QPVWQDEGQRLR (23-34) and VICRCC (316-321) amino acid residues. 
Competitive inhibition with synthetic peptides encompassing the motifs 
corresponding to 23-34 and 316-321 for binding of mAb-30 to pZP3 beta 
revealed the epitopic domain to be 23-34 amino acids. Synthesis of 
overlapping octapeptides further identified WQDE as the minimum motif for 
binding of mAb-30, and the replacement of one amino acid at a time with 



glycine revealed tryptophan as the critical residue. CONCLUSIONS: 
Collectively, these results describe peptide epitopes that will help in the 
design of an irnmunocontraceptive vaccine based on synthetic peptides 
corresponding to pZP3 beta or its homologues in other species. 
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Ovarian ZP3 , the primary sperm receptor, is a major glycoprotein 
of mouse zona pellucida (ZP) . Because antibodies raised against ZP3 
block sperm -egg interaction, ZP3 has been considered a candidate 
immunogen in the development of a contraceptive vaccine. This study 
explored the possibility of using an attenuated Salmonella typhimurium 
vaccine strain expressing recombinant ZP3 to elicit an antibody response 
and infertility in mice, A cDNA sequence generated by the polymerase chain 
reaction encoding 342 amino acid 'residues (23-364) of the mouse (m) ZP3 
was cloned into an Asd+ vector. An avirulent Salmonella vaccine strain 
stably expressed the ZP3 polypeptide and colonized the internal organs of 
mice after oral inoculation. Oral immunization of female BALB/c mice with 
the recombinant Salmonella vaccine strain expressing mZP3 induced 
significant levels of anti-native ZP IgG antibodies in serum and IgA 
antibodies in vaginal secretions. The IgG antibodies thus induced also 
bound to ZP in vivo.. When mated with males, 3 of 6 females immunized with 
the recombinant Salmonella were infertile. In contrast, none of the mice 
that received Salmonella containing the vector plasmid produced antibodies 
to ZP and all were fertile. No ovarian inflammation was observed in the 
immunized mice at autopsy. The results suggest a potential oral 
contraceptive vaccine to control populations of rodent vectors of disease 
and to induce reversible infertility in humans. 



3/AB/5 (Item 5 from file: 155) 

DIALOG (R) File 155 :MEDLINE (R) 

(c) format only 2001 Dialog Corporation. All rts. reserv. 

09319325 97199048 PMID: 9047023 

Immunogenicity and contraceptive potential of a human zona pellucida 3 
peptide vaccine. 

Bagavant H; Fusi FM; Baisch J; Kurth B;- David CS; Tung KS 

Department of Pathology, University of Virginia, Charlottesville 22908, 
USA. hb5u@uva . pcmail . Virginia . edu 

Biology of reproduction (UNITED STATES) Mar 1997,' 56 (3) p764-70, 
ISSN 0006-3363 Journal Code: A3W 



1 



Contract/Grant No.: AI 14764, AI, NIAID; P30 HD 28934, HD, NICHD; U54 HD 
29909, HD, NICHD 

Erratum in Biol Reprod 1997 May; 56 (5) 1361 

Languages : ENGLISH 

Document type: Journal Article 

Record type: Completed 

Immunization with zona peilucida 3 (ZP3) glycoprotein induces 
infertility in primates and is a target antigen for a contraceptive 
vaccine. However, loss of ovarian function is a long-term side effect. A 
possible mechanism is autoimmune ovarian disease induced by ZP3-specific 
autoreactive T cells, demonstrated in mice immunized with a murine ZP3 
peptide in complete Freund*s adjuvant. Indeed, a murine contraceptive 
vaccine that elicits antibodies to zona peilucida (ZP) without concomitant 
pathogenic T-cell activation has been achieved by a chimeric peptide (CP) 
consisting of a native ZP3 B-cell epitope and a foreign helper T-cell 
peptide. Herein, we evaluate the CP strategy in primate for human ZP3 ( 

hZP3 ) vaccine development. A CP was constructed that consisted of a known 
helper T-cell epitope from the malarial circumsporozoite protein and a 
native B-cell epitope of hZP3 . The human CP elicited antibodies to ZP3 

in macaques without a measurable T-cell response to the hZP3 peptide. 
The serum antibodies reacted with macaque and human ZP and significantly 
inhibited human sperm binding to oocytes in vitro. Moreover, the CP 
elicited antibodies to human ZP in mice that lack murine major 
histocompatibility complex (MHC) class II molecules but express transgenic 
human HLA-DR3, -DQ6, or DQ8 molecules. Therefore, this study 1) provides 
evidence to support the feasibility of the CP strategy in hZP3 vaccine 
development and 2) des'cribes a novel approach for evaluating the influence 
of polymorphic human MHC on vaccine immunogenicity without human 
immunization . 
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Glycodelin is a glycoprotein named for its unique carbohydrate 
structure. Glycodelin is produced by the secretory endometrium during the 
late luteal phase and returns to baseline during menses of the ensuing 
cycle, whereas in conceptive cycles it rapidly increases. Although 
progesterone and possibly estradiol are required for glycodelin production, 
they are not directly involved in the synthesis and release of this, 
protein. Their role may be development of the endometrial secretory 
glandular elements, whereas other factors are required to initiate and 
maintain glycodelin secretion. The pattern of relaxin secretion during the 
luteal phase and early pregnancy is similar to that of glycodelin, but 



their profiles have not been determined simultaneously. To investigate the 
relationship of relaxin and glycodelin, two studies were conducted. In the 
first study, relaxin, glycodelin, and ovarian steroids were measured in 
daily serum samples from nonconceptive and conceptive natural cycles. 
Profiles of relaxin and glycodelin were closely associated, with the onset 
of relaxin preceding glycodelin secretion by 1-2 days in nonconceptive 
cycles, and the pregnancy-associated increases in each hormone differing by 
about 2 days. The second study tested the hypothesis that relaxin 
stimulates glycodelin secretion. Samples were obtained from patients 
injected with human relaxin for 2 8 days. In subjects demonstrating ovarian 

cyclicity, glycodelin secretion was elevated, but it was not detected in 
subjects without ovarian cyclicity or in placebo-treated control 
subjects. This study reveals a close temporal and quantitative relationship 
between relaxin and glycodelin profiles in the late luteal phase and early 
pregnancy. It also demonstrates that relaxin administration can stimulate 
glycodelin production from a developed endometrium. This is the first 
report of a nonsteroidal ovarian factor that controls glycodelin 
secretion, and these results suggest a function for relaxin during early 
pregnancy. Glycodelin is a potent inhibitor of sperm zona pellucida 
binding by virtue of its extensive carbohydrate structure, but it is 
normally at a nadir in the periovulatory period. The data demonstrate that 
relaxin can stimulate glycodelin secretion throughout the menstrual cycle, 
including the periovulatory period, when relaxin-induced glycodelin 
secretion could have a contraceptive effect. 
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The secretory cells of the oviductal epithelium secrete a 
high-molecular-weight glycoprotein (OGP) . OGPs from different mammalian 
species show similar immunological characteristics, their cDNAs show high 
homologies, and they associate with the zona pellucida of oviductal 
oocytes in vivo. The purpose of this study was to determine the effect of 
OGP obtained from different species on the binding of hamster sperm to 
hamster oocytes. Hamster oocytes were inseminated (30 min) in the presence 
or absence of homologous or heterologous OGPs, and sperm bound/oocyte 
were counted after removing loosely attached sperm . Ovarian oocytes had 
an average of 2.9 +/- 0.6 sperm bound/oocyte, whereas oviductal oocytes 
had 36.3 +/- 2.7. Hamster OGP (0.1 mg/ml) significantly increased sperm 
binding to ovarian oocytes twofold and had no effect on sperm 
bound/oviductal oocytes. Human OGP (0.5 mg/ml) significantly decreased 
sperm binding to ovarian oocytes (0.9 +/- 0.3 sperm bound/oocyte). 
This effect was dose dependent for oviductal oocytes and could be blocked 



by preincubating human OGP with a specific antibody to human OGP. The 
presence of baboon and cow OGP during the insemination of hamster oviductal 
oocytes also resulted in a significant decrease in sperm bound/oocyte, 
whereas the addition of hamster OGP to hamster oviductal oocytes had no 
effect. These results show that homologous OGP enhances sperm binding to 
the ZP, whereas heterologous OGP inhibits that effect. Thus, our results 
suggest that OGP plays a role in the species-specific characteristics of 
sperm /2P interaction, and that one must use a homologous system (OGP and 
gametes from the same species) to study the biological effect of OGP, 
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Antibodies directed against the zona pellucida can interrupt sperm -egg 
recognition in vitro. However, the mechanisms by which anti-zona antibodies 
exert this contraceptive effect in vivo remain uncertain. There is an 
accumulating body of evidence to suggest that active immunity against zona 
antigens not only induces infertility via an antibody-mediated interruption 
of sperm --egg interaction but also disrupts normal ovarian function. We 
have evaluated the consequence of inducing active immunity against purified 
recombinant human ZP3 {rec.hZP3 ) and human ZP3 peptides, using the 
marmoset monkey, Callithrix jacchus, as an animal model. Although 
infertility .was established in animals that received rec.hZP3 , it was 
associated with ovarian dysfunction characterized by suppression of 
f olliculogenesis and depletion of the primordial follicle pool. 
Immunization with continuous human ZP3 peptides, identified by epitope 
mapping studies, did not induce ovarian pathology but the antibody titres 
were insufficient to suppress fertility significantly and consistently. 
Clearly, further research is required to identify and segregate epitopes on 
the zona glycoproteins that are capable of inducing infertility without 
any side effects. 
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Previous studies have shown that mouse sperm bind to hamster eggs and 
hamster sperm bind to mouse eggs in vitro. Furthermore, sperm receptor 

glycoprotein isolated from the zona pellucida of unfertilised hamster 
( hZP3 ) and mouse (mZPS ) eggs binds to sperm from the heterologous . 
species. Here, we expressed the hZP3 gene, under control of a 
constitutive promoter (pgk-1) , in mouse embryonal carcinoma (EC) cells and 
Chinese hamster ovary (CHO) cells stably transfected with the hZP3 

gene. In both cases, recombinant hZP3 (EC- hZP3 and CH0-hZP3 ) 
secreted into the culture medium was partially purified by high-performance 
liquid chromatography on a size-exclusion column and assayed for 
bioactivity using mouse and hamster gametes. Unlike hamster egg hZP3 , 
which binds to both mouse and hamster sperm , EC-hZP3 and CH0-hZP3 

exhibits species-specific binding " to hamster sperm and induce hamster 

sperm , but not mouse sperm , to undergo the acrosome reaction in vitro. 
These results provide further evidence that species-specific binding of 

sperm to eggs in mammals is carbohydrate-mediated. Furthermore, the 
results suggest that recombinant forms of mammalian sperm receptors may 
be useful in assessing the molecular basis of species-specific 
fertilisation in mammals. 
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Zona pellucida (ZP) glycoproteins possess sperm receptor-binding 
activities. Antibodies against ZP can block sperm -egg interaction and 
thereby prevent fertilization. The feasibility of developing a safe 
contraceptive vaccine based on the ZP has been hampered by the finding that 
active immunization with autologous or heterologous ZP proteins results in 
infertility that is associated with ovarian dysfunction. A mouse model 
was used to investigate mechanisms of the ovarian pathology that is 
induced by active immunization with a 13mer peptide derived from mouse ZP3 
(mZP3 (330-342)). This peptide includes one native B-cell epitope and two 
nested T-cell epitopes. Ovarian pathology could be transferred into naive 
recipients by CD4+ T cells, but not by antibodies, from immunized mice, 
suggesting the importance of T cells in the mechanism of ovarian 
pathogenesis. Moreover, immune responses, as well as disease induction, 
were restricted to H-2a, k, u, s , axb haplotypes . On the basis of this mouse 
model, a strategy to generate a contraceptive anti-ZP antibody response 
without a pathogenic T-cell response, irrespective of H-2 haplotype, is 
described. The B-cell epitope was modified by amino acid substitution to 



eliminate the overlapping oophoritogenic T-cell epitope, and was linked to 
a promiscuous foreign T-cell epitope, bovine RNase94-104. The resultant 
chimaeric peptide {CP2) induced anti-ZP antibodies in 100% of the eight 
strains of inbred mice with different H-2 haplotypes without significant 
disease induction. An antif ertility trial in B6AF1 female mice immunized 
with CP2 showed that the anti-ZP antibody was associated with a reduction 
in fertility. This infertility was reversed with a decline in anti-ZP 
antibody titre. Preliminary data show that this strategy of vaccine design 
may also be applied to primates. 
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Immunocontraception using the glycoproteins of the mammalian zona- 
pellucida (ZP) has held great promise because antibodies specific to ZP 
antigens would inhibit fertility and not be abortive. It has been shown, 
however, that some ZP proteins will elicit adverse effects since 
immunization may affect ovarian follicular development. These effects 
vary among different mammalian species as well as on the source of the ZP 
immunogen. Therefore, the use of molecular biology has been essential in 
identifying specific ZP protein (s) that inhibit fertility without altering 
ovarian follicular development and in defining the relationships of ZP 
proteins among different species. Use of recombinant ZP proteins has 
allowed us to begin to dissect antigenic domains of ZP proteins and to 
evaluate their potential roles in the fertilization process. Recent studies 
using recombinant rabbit ZP proteins to immunize cynomolgus monkeys (Macaca 
f ascicularis) have shown that the 55 kDa ZP protein will elicit antibodies 
that inhibit sperm binding while not altering ovarian function, in 
contrast to immunization with a recombinant truncated protein of the 75 kDa 
ZP protein which causes ovarian dysgenesis. The rabbit 55 kDa protein is 
the homologue of the pig ZP3 alpha sperm receptor and the human ZPB 
protein but is distinct from the mouse ZP3 sperm receptor. Expression 
of this protein using the baculovirus expression system has further shown 
that the 55 kDa protein binds to capacitated rabbit spermatozoa over the 
acrosomal region and induces the acrosome reaction. Antibodies against this 
recombinant form of the ZP also inhibit rabbit spermatozoa from binding 
to rabbit egg in vitro. These studies demonstrate the need to determine the 
structure and function of ZP proteins of different mammalian species to 
evaluate their potential for contraceptive vaccines. 
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Fertilization is the process including many events such as maturation of 
egg and sperm , attachment, binding, acrosomal reaction, penetration, 
fusion, cortical reaction, zona reaction and nuclear fusion of both gamete, 
whereby individual gametes from the female and male unite to create 
offspring. Although the reason for mechanism of fertilization is still not 
clearly, understood, this process may accelerate the rate adaptation in 
evolution. In this special lecture, I would like to present our 
experimental and clinical results especially concerning with morphological, 
physiological, biochemical and molecular approach on the mechanism of 
fertilization. 1. Development and maturation of follicles and oocytes. It 
is well known that pituitary FSH, LH control the ovarian function. 
Follicular development and ovum maturation are also controlled by both 
pituitary gonadotropins and local factors such as autocrine and paracrine 
agents. When hMG is injected during 1-6 day of menstrual cycle, several 
dominant follicles are developed. If hMG is injected after selection of 
dominant follicles, only one dominant follicle develop in the ovary . When 
PMS-treated immature rats were injected with immature or mature follicle 
fluids, rats injected with mature follicular fluid showed strongly suppress 
in the ovarian weights and numbers of ovulated follicles. Also mature 
follicle suppress aromatization from and androstenedione to estradiol. 
These findings mean that mature follicular fluid contains inhibitory 
factors. Apoptosis of granulosa cells and follicular steroids are related 
to fertilization. 2. Intracellular calcium of oocyte. Intracellular calcium 
concentration is known to start to increase in a periodic manner after 
fertilization in oocytes of mammalians. In 65% of tested mouse oocytes, 
fertilization occurred during 4 hours observation ■ after sperm 
insemination in vitro. An initial long lasting intracellular calcium 
concentration was observed and followed by periodic manner. This calcium 
oscillation is inhibited by calcium blockers such' as verpamil and 
nifedipine, but increased by high concentration of extracellular calcium 
concentration in the medium. Role of increase of intracellular calcium are 
understood to prevent polysperm and activate metabolism of oocytes. 3. 
Glucose metabolism of oocytes. Mouse embryo utilizes pyruvate as an 
essential nutrient until the 8-cell stage, and glucose thereafter. We have 
devised non-radiometrie and enzymatic microassay method to measure glucose, 
deoxyglucose, deoxyglucose 6-phosphate incorporated into individual mouse 
oocytes and preimplantation embryo. In parallel, the activities of several 
enzymes of glycolytic pathway were also determined. In this study, glucose 
metabolism is necessary to develop in fertilized ova with changing activity 
of enzymes. 4. Molecular bases of ovarian fluid. The zona pellucida 
ZP is involved in a number of events in fertilization, all these 
fertilization events occur in the oviduct. Oviductal glycoprotein 200-240 
KD has been identified from oviductal zona pellucida . Monoclonal 
antibody of oviductal glycoprotein reacted with ZP of oviductal egg but 



not with the ovarian egg. Anti-ZPO antibody inhibit to bind sperm to 
ZP. Sequences in mouse and hamster oviduct specific glycoprotein are 
estimated, this glycoprotein mRNA was observed in only oviduct by 
northern blotting method. These molecular gene expression was observed by 
in situ hybridization in the oviduct of estrous cycle of hamster. 5. 
Microinsemination of sperm . Microinsemination of sperm into oocyte is 
widely used in clinical medicine. Sperm penetration assay (hamster test) 
is useful method to estimate fertilization capacity of sperm . But 
immotile sperm cannot estimate it. So modified micro sperm penetration 
assay was established to estimate fertilization capacity of sperm by 
using micro-manipulator. Subzonal sperm injection (SUZI) and 
intracytoplasmic sperm injection (ICSI) promotes fertilization and 
cleavage rate in immotile 
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The objectives of this study were 1) to determine whether or not human 
and baboon oviduct-specific glycoproteins (human OGP, baboon OGP) would 
associate with ovarian oocytes during in vitro incubation in a manner 
similar to that detected in vivo for oviductal oocytes and 2) to determine 
whether the association of OGP with ovarian oocytes influenced sperm 
binding. In vitro association of OGP with ovarian oocytes was assessed by 
indirect immunofluorescence assay using a polyclonal antibody prepared 
against human or baboon OGP. Human and baboon ovarian oocytes incubated 
in culture media containing OGP showed association of OGP with the zona 

pellucida (ZP) as detected by bright fluorescence. A similar pattern of 
fluorescence was observed in baboon oviductal oocytes (positive control) . 
No fluorescence of the ZP was detected from ovarian oocytes incubated 
with culture medium alone. The pattern of fluorescence for ovarian 
oocytes incubated with OGP and serum albumin, the major oviductal fluid 
protein, was similar to that for oocytes incubated with OGP alone. A 
modified hemizona assay was used to assess whether association of human OGP 
with human ovarian oocytes influenced sperm binding. The number of 

sperm bound to hemizonae in the presence of human OGP was significantly 
greater (p < 0.01) than the number bound to hemizonae in the control 
culture medium. Addition of antibodies specific for human OGP to the 
incubation medium 1 h prior to addition of gametes blocked the enhancement 
of sperm binding seen in the presence of human OGP alone. Finally, human 
hemizona assays conducted in the presence of baboon OGP resulted in a 
significant decrease (p < 0.05) in the number of sperm bound per zona 



compared with that in culture medium alone despite high homology between 
human and baboon OGP. These results 1) suggest that human OGP associates 
with ovulated oocytes in vivo; 2) support the hypothesis that association 
of OGP with the ZP may play a role in fertilization, possibly through 
enhancing the binding of sperm to the ZP within the oviduct; and 3) 
suggest that a homologous system (i.e., gametes and oviductal glycoprotein 

from the same species) is necessary for study of the function of oviductal 

glycoproteins . 
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Autoantibodies to ZP3 , a major glycoprotein of the zona pellucida 
(ZP) with sperm receptor function, can block sperm /oocyte interaction. 
However, only mice of certain major histocompatibility complex (MHC) 
haplotype respond to the ZP3 peptide. Moreover, ZP3 -specific T cells 
can mediate ovarian autoimmune disease. A chimeric peptide has been 
designed that induces antibody to native ZP3 regardless of the MHC 
haplotype of the inbred mice tested. This results in reduction in fertility 
that is reversible. Infertility correlates well with ZP antibody titer, and 
the mice do not develop concomitant autoimmune oophoritis. The vaccine 
contains (1) a promiscuous foreign T~cell peptide capable of eliciting a 
T-cell response regardless of the animals* MHC haplotype, and (2) a 
modified native B-cell peptide of ZP3 . 
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PROBLEM: To investigate the contraceptive potential of the zona 
pellucida . METHOD: Generation of antibodies against native and 

recombinant zona glycoproteins which have then been assessed for their 
capacity to disrupt sperm -zona interaction in vivo and in vitro. The 



animal model selected for these studies was the common marmoset and the end 
points examined were antibody titre, ovarian cyclicity and fertility, 
RESULTS: The fact that antibodies against the major zona glycoprotein , 
ZP3 , block both the primary and secondary phases of sperm -zona 
interaction suggests that this molecule might have potential for 
contraceptive vaccine development. Active immunization of marmoset monkeys 
with native porcine ZP3 or recombinant human ZP3 produced long term 
infertility but also precipitated a premature decline in the primordial 
follicle population. CONCLUSIONS: Future studies will have to determine 
whether a safe, effective vaccine can be engineered by coupling unique 
B-cell epitopes from ZP3 to foreign T-cell antigens. 
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BACKGROUND: We have previously localized an antigen of oviductal origin 
in the zona pellucida of postovulatory hamster ova. This antigen is a 
high molecular weight glycoprotein secreted by the non-ciliated secretory 
cells of the oviduct and is later transferred to the zona pellucida of 
the oocyte during oviductal transit. This glycoprotein is rich in 
N-acetyl-D-galactosamine residues and has been designated Hamster 
Oviductin-1. In the present study, a monoclonal antibody (MAb) raised 
against this oviductin was used to detect the presence of this antigen in 
oviductal tissue during the estrous cycle. METHODS: Twenty mature female 
golden hamsters were used and were divided into five groups of five animals 
each according to the five different stages of the estrous cycle. 
Quantitative immunocytochemistry was performed on MTVb-labeled thin sections 
of Lowicryl-embedded ampullary region of hamster oviducts. Control 
experiments were also carried out to assess the specificity of the 
immunolabeling. RESULTS: Quantitative analysis of the immunogold labeling 
indicated that maximum labeling for oviductin in the secretory granules of 
oviductal epithelial secretory cells was found around the time of 
ovulation, i.e., at estrus. The intensity of immunolabeling decreased from 
metes trus to diestrus 1, was at a minimum at diestrus 2, and started to 
increase at proestrus, CONCLUSION: Together, these quantitative results 
indicate that expression of oviductin in the secretory granules of the 
hamster oviductal secretory cells is stage specific. Maximum labeling for 
the antigen coincides with the time of ovulation suggesting an important 
role for the oviductal epithelium in contributing its secretory product to 
the zona pellucida of oocytes freshly released from the ovary . Since 
the oviduct is the site of sperm -egg interaction and where fertilization 
and early embryo development take place, the maximal production of 
oviductin at the time of ovulation may facilitate some of these crucial 
steps during the intricate process of reproduction. 
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This study tested immunogenicity of a synthetic peptide hZP3 ( 327-34 1 ) 
from a human zona pellucida (ZP) glycoprotein , After antibody response to 
various peptide-carrier conjugates was assessed in mice, two female 
cynomolgus macaques were immunized with the peptide conjugated to keyhole 
limpet hemocyanin (KLH) . A control macaque was immunized with KLH. The 
peptide was immunogenic in both species, and included both B and T cell 
epitopes since low to moderate titers of peptide-specif ic antibodies and a 
T cell proliferative response were measured. Profiles of ovarian steroid 
metabolites indicated unchanged ovarian function in the macaques, but 
only the control conceived when bred. Ovarian histology was normal except 
that immunoglobulin was bound to ZP in follicles of the pep tide -immune 
macaques. ZP from these females bound sperm and induced acrosome 
reactions at rates equal to those of an untreated control. The results 
support the feasibility of an immunocontraceptive vaccine based on 
autologous ZP peptides. 
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To initiate fertilization in mice, , free-swimming sperm bind to mZP3 , 
an approximately 83-kDa glycoprotein present in the ovulated egg zona 

pellucida (ZP) . mZP3 is located periodically along the filaments that 
constitute the ZP. Sperm recognize and bind to specific oligosaccharides 
linked to one or more of five Ser residues clustered in the 
carboxy-terminal one-third of ■ the mZP3 polypeptide. When all five Ser 
residues are converted to nonhydroxy amino acids by site-directed 



mutagenesis of the mZP3 gene, an inactive form of mZP3 , called mZP3 
[ser] , is secreted by embryonal carcinoma cells stably transfected with the 
mutated gene. Here, seven independent transgenic mouse lines were 
established that harbor the mutated mZP3 gene. In all lines, the mutant 
gene is expressed by growing oocytes and mZP3 [ser] is synthesized, 
secreted, and incorporated into the ZP. Purified mZP3 [ser] prepared from 
ovaries of transgenic mice, liJce mZP3 [ser] from transfected embryonal 
carcinoma cells, is inactive in sperm binding assays in vitro. On the 
other hand, the presence, of mZP3 [ser] in the ZP does not significantly 
affect either the binding of sperm to ovulated eggs in vitro or the 
reproduction of the mice, i.e., the transgenic mice are fertile, breed at 
normal intervals, and produce litters of normal sizes. These results 
indicate that the number of functional sperm receptors in the ZP can be 
reduced by more than 50% without adversely affecting fertilization of eggs 
in vivo. 
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Zona pellucida 3 (ZP3) is a major glycoprotein of the zona pellucida that 
possesses the sperm receptor function. ZP3 induces autoantibody that 
can block sperm /oocyte interaction. However, the feasibility of a ZP3 

contraceptive vaccine has been marred by the finding that ZP3 -specific T 
cells mediate ovarian autoimmune disease. Moreover, as reported in this 
work, only some inbred mouse strains respond to the ZP3 peptide. We now 
describe a chimeric peptide that induces Abs to native ZP3 regardless of 
the MHC haplotype of the inbred mice tested. Study in one mouse strain 
resulted in reduction in fertility that correlates well with zona 

pellucida Ab titer, and most importantly, the mice do not develop 
concomitant autoimmune oophoritis. Moreover, the infertility was completely 
reversible. The design of the vaccine chimeric peptide is governed by the 
inclusion of two essential components: 1) a promiscuous foreign T cell 
peptide capable of eliciting a Th cell response regardless of the MHC 
haplotype of the animals, and 2) the native B cell peptide of ZP3 that 
has been modified by substitution of residue (s) critical for T cell but not 
B cell response to ZP3 . 
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The oviduct controls the environment in which the gametes are transported 
and fuse, and in which embryonic development begins. The ultrastructural 
topography of the ampulla and isthmus is similar, consisting of ciliated 
and secretory cells, but a different array of proteins is secreted by each 
segment along with various serum components. Amino acids are selectively 
secreted by the oviduct; these amino acids probably interact with the 
gametes or embryo to facilitate the processes of fertilization and 
development. An oviduct-specific glycoprotein is synthesized by the 
ampulla of sheep and cattle in response to oestrogen and secreted mainly 
from day-1 to day 3 of the ovarian cycle. This oestrus-associated 

glycoprotein (EGP) has a variable molecular mass of 80-97 kDa and a pi 
value ranging from 4.7 to 5.5. The bovine (b) and ovine (o) EGP genes are 
95.5% identical and consist of 1560 base pairs encoding 519 amino acids 
containing one N-linked and several 0-linked glycosylation sites. The 
terminal glycosides are N-acetylglucosamine and galactose-N-acetylgalactosa 
mine for bEGP, and fucose, galactose and sialic acid residues are also 
identified for oEGP. EGP binds to zona pellucida and blastomere 

membranes, but evidence for EGP binding to sperm membranes is equivocal. 
After in vitro fertilizaton the proportion of sheep oocytes cleaving was 
increased in the presence of oEGP, but when single-cell embryos were 
cultured with oEGP, these cleavage rates were reduced. In addition, 
consistent positive effects of oEGP were observed on blastocyst formation. 
Elaboration of the mechanism of synthesis of EGP, its action and its role 
in fertilization and embryo development is important for our understanding 
of the events of early pregnancy. 
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The objective of this study was to determine if human oviduct specific 
glycoprotein (huOGP) would associate with hamster ovarian oocytes and 
human sperm during in vitro incubation. The huOGP used in these studies was 
partially purified from human hydrosalpinx fluid. Hamster ovarian oocytes 
and human sperm samples were incubated in culture medium with and without 
huOGP. Association of huOGP was assessed by indirect immunofluorescence 



assay using a polyclonal antibody prepared against huOGP. Intense 
fluorescence of the zona pellucida , and bright but uneven fluorescence 
of the perivitelline space, were observed in hamster ovarian oocytes 
following incubation in the presence of huOGP. A similar but more uniform 
pattern of fluorescence was observed when hamster oviductal oocytes 
(positive controls) were incubated in culture medium alone. Fluorescence 
was absent when oocytes were assayed with preimmune serum. The association 
of huOGP with the zona pellucida and perivitelline space appeared to be 
specific since thyroglobulin, a large molecular weight glycoprotein , and 
human serum albumin, the major protein in oviduct fluid, did not associate 
with the hamster oocytes nor inhibit huOGP association when- included in the 
culture medium. Fluorescence was absent when human sperm incubated with 
huOGP were assayed with antiserum to huOGP. However, human sperm 

fluoresced when incubated with a uterine glycoprotein , CUPED, which had 
previously been shown to bind to cat sperm during in vitro incubation. 

Sperm also fluoresced brightly when human sperm antibody was used as a 
positive control. Solubilization of sperm membrane proteins 
postincubation and analysis of these proteins by 1-D SDS-PAGE followed by 
immunoblotting also failed to show an association of huOGP with human 

sperm . Electron microscopy of sperm both pre- and postsolubilization 
confirmed that the sperm membranes were removed by this process. In 
conclusion, the association of huOGP with hamster oocytes in vitro suggests 
that huOGP may associate with human oocytes in vivo, whereas that may not 
be true for human sperm in vivo. The association of huOGP with oocytes 
may serve to facilitate the process of fertilization and early embryonic 
development within the oviduct. 
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BACKGROUND: The zona pellucida (ZP) , an extracellular matrix which 
surrounds mammalian oocytes, is formed by different glycoproteins . 
Several studies have revealed that carbohydrate residues present in 

glycoproteins of ZP play a key role in the sperm -egg recognition. 
However, the origin and the biochemical composition of ZP remain to be 
completely resolved. METHODS: ZP glycoproteins from rat ovarian 
follicles were investigated at light and electron microscopic level by the 
application of lectins conjugated to peroxidase, digoxigenin, and colloidal 
gold in combination with enzyme and chemical treatment. A quantitative 
analysis was also performed. RESULTS: ZP shows reactivity to WGA, DSA, LFA, 
AAA, RCA I, and MAA. SBA and PNA showed a variable reactivity ranging from 
negative to strongly positive. A uniform pattern of binding throughout ZP 
was observed with DSA, Con A, AAA, MAA, and LFA. However, labeling by RCA I 
and SBA was higher in the outer ZP while PNA and WGA showed a higher 



binding in the inner ZP. Lectin reactivity was detected in cortical 
granules, endoplasmic reticulum, Golgi apparatus, vesicles, and 
multivesicular bodies of oocytes. CONCLUSIONS: ZP contained the terminal 
disaccharides Gal beta l,4GlcNAc, Gal beta l,3GalNAc, and GalNAc beta 
l,3Gal and the trisaccharides NeuSAc alpha 2, 3Gal beta l,4GlcNAc, 
Neu5Ac-Gal beta l,3GalNAc, and NeuSAc-GalNAc beta l,3Gal sequences. The 
occurrence of Fucose residues alpha 1,6 linked to the inner core region of 
N-linked glycoproteins of ZP was demonstrated by the use of several 
fucose-specif ic lectins. Methylation-saponif ication treatment in 
combination with lectin cytochemistry reveals that Gal, GalNAc, and 
polyllactosamine residues of rat ZP glycoproteins contain sulphated 
groups. The reactivity observed in ooplasmic vesicles was similar to that 
of ZP, thus suggesting that the oocyte is the site of synthesis of ZP 
glycoproteins . 
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The zona pellucida surrounding the mammalian oocyte contains a major 
glycoprotein species, ZP3 , that serves as a cell- and species-specific 
receptor for spermatozoa . In this study we have determined the primary 
amino acid structure of marmoset ZP3 (marZP3) and examined the expression 
of marZP3 mRNA within the ovary . The marZP3 gene possesses an open 
reading frame of 1272 nucleotides which is expressed specifically by the 
oocyte and encodes a polypeptide chain of 424 amino acids that exhibits 91% 
homology with the human ZP3 sequence. The disparity between these 
molecules' was confined to a short domain spanning residues 322-352; 
otherwise the molecules were very similar, showing conservation of many 
structural features including the N-linked glycosylation sites, location 
and number of cysteine and proline residues and hydrophobicity profile. The 
results of this study have important implications for the use of the 
marmoset monkey as an animal model for the development of contraceptive 
vaccines targeting ZP3 . 
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Oocytes were collected from ovaries of bitches, at various stages of 
the oestrous cycle, after routine sterilization. Cumulus-enclosed oocytes 
were cultured for 0-72 h in a modified M-199 medium containing 10% oestrous 
bitch serum and 20 micrograms oestradiol ml-1. For oocytes surrounded by 
two or more layers of cumulus cells, an increase in the expression of mRNA 
transcripts for zona pellucida glycoprotein 3 (ZP3 ) was seen and 
reached peak levels after 48 h culture in vitro. Histological assessment 
showed that 39% of these oocytes had extruded their first polar body after 
24 h culture in vitro. When these in vitro matured oocytes were transferred 
to oviduct cell monolayers and inseminated with fresh dog spermatozoa in 
Medium-199 supplemented with 10% fetal calf serum and 50 mg gentamicin 
sulfate ml-1, penetration of the zona pellucida started 1 h after 
insemination for oocytes that had been cultured for 48 and 72 h. At 12 h 
after insemination both male and female pronuclei were seen in 37.5% and 
20% of the oocytes incubated for 48 and 72 h, respectively. No further 
development was seen . 
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Mammalian sperm possess a guanine nucleotide-binding regulatory protein 
(G protein) , with properties similar to Gi, that appears to be involved in 
the signal transduction pathway required for zona pellucida 
(ZP) -mediated acrosomal exocytosis. Mouse sperm treated with pertussis 
toxin (PT) , a toxin that functionally inactivates Gi proteins, bind to the 
ZP of mouse eggs but are inhibited from undergoing acrosomal exocytosis . We 
have measured high-affinity GTPase activity and GTP gamma [35S] binding in 
mouse sperm homogenates incubated in the absence and presence of ZP 
glycoproteins isolated from either ovulated eggs or from ovarian 
homogenates to determine whether this extracellular matrix can activate the 
sperm -associated Gi protein. An increase in GTP hydrolysis (approximately 
50% over basal activity) and GTP gamma [35S] binding (approximately 25-60% 
over basal activity) is observed when sperm homogenates are incubated in 
the presence of solubilized ZP glycoproteins , and the increase in GTPase 
activity is dependent on the concentration of ZP added to the homogenates. 
Accompanying this increase is a reduction in the ability of PT to catalyze 
in vitro [ 32P] ADP-ribosylation of a , Mr = 41,000 sperm Gi protein. 



suggesting that the increase in GTPase activity and GTP gamma [35S] binding 
is associated with the activation of a PT-sensitive sperm G protein{s). 
The ability of the ZP to stimulate high-affinity GTPase activity in these 
homogenates appears to be dependent on the capacitation state of the sperm 

from which the homogenates are prepared. These data suggest that a 
component (s) of the ZP may function in a manner similar to that of other 
ligands by binding to a sperm surface-associated receptor and 
subsequently activating a G protein coupled to an intracellular signal 
transduction cascade(s) required for induction of acrosomal exocytosis. 
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Seven monoclonal antibodies (MAs) against 55 kDa glycoprotein family of 
porcine zona pellucida (ZP3) reacting with either ZP3 alpha (MA-7, MA-27, 
MA-28) or ZP3 beta (MA-1, MA-2, MA-11, MA-30) have been described. MA-1, 
-2, -27, -28 and -30 do not recognize carbohydrate determinants as shown by 
" their reactivity to the deglycosylated (DG) ZP3 alpha and ZP3 beta. 
Indirect immunoperoxidase studies showed that all MAs reacted with zona 
pellucida from porcine and monkey ovaries . Only MA-1 and -27 reacted with 
ZP from rabbit ovary as well, while none of the MAs recognised mouse ZP, 
MA-7, -11, -27, -28 and -30 inhibited in vitro, the zona lysis by trypsin 
as well as the binding of ZP3 to sperm membrane vesicle as investigated 
by ELISA. 
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Compelling evidence has demonstrated that zona binding represents gamete 
recognition by sperm binding with high affinity and specificity to complex 
glycoproteins of the zona pellucida . In the present study we evaluated 



the hemizona assay (HZA) in the investigation of the interaction of mouse 
spermatozoa with unfertilized murine oocytes and hemizonae after exposure 
to solubilized murine zonae pellucidae proteins. The zonae pellucidae were 
isolated from ovarian tissue following described mincing techniques. The 
sperm binding characteristics of murine spermatozoa were studied by 
using SDS-PAGE isolated ZP2 {+/- 120 Kd) and ZP3 (+/- 83 Kd) components 
of the zona pellucida . Sperm receptor activity was examined in a 

competitive gamete binding fashion using the HZA as an indicator of sperm 
/zona interaction. The results illustrated that isolated, solubilized ZP2 
and ZP3 glycoprotein moieties of the zona pellucida inhibited 

sperm binding to hemizonae and oocytes when compared to controls, and 
that the HZA can be utilized as an internally controlled homologous 
bioassay to evaluate the effects of zona pellucida proteins on tight 
binding of spermatozoa to the zona pellucida . 
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Structural and functional relationships between mouse and hamster zona 
pellucida glycoproteins . 

Holier CC; Bleil JD; Kinloch RA; Wassarman PM 

Department of Cell and Developmental Biology, Roche Institute of 
Molecular Biology, Roche Research Center, Nutley, New Jersey 07110. 

Developmental biology (UNITED STATES) Feb 1990, 137 (2) p276-86, 
ISSN 0012-1606 Journal Code: E7T 

Languages : ENGLISH 

Document type: Journal Article 

Record type: Completed 

The hamster egg's extracellular coat, or zona pellucida, consists of 
three glycoproteins , designated hZPl, hZP2, and hZP3 , that exhibit 
extensive heterogeneity on SDS-PAGE. hZPl is a relatively minor component 
of hamster zonae pellucidae, as compared with hZP2 and hZP3 . In the 
presence of reducing agents, hZPl, 200,000 apparent Mr, migrates on 
SDS-PAGE with an apparent Mr of 103,000. This suggests that hZPl, like 
mouse ZPl, is composed of two polypeptides held together by intermolecular 
disulfides. When purified hamster ZP glycoproteins were tested at 
relatively low concentrations in an in vitro competition assay, employing 
either hamster or mouse gametes, only hZP3 (56,000 apparent Mr) exhibited 

sperm receptor activity (i.e., inhibited binding of sperm to eggs). 
Thus, apparently hZP3 is the hamster counterpart of mouse ZP3 , the 
mouse egg receptor for sperm , Furthermore, at relatively high 
concentrations, solubilized hamster egg ZP preparations induced both 
hamster and mouse sperm to undergo the acrosome reaction in vitro. hZP3 

is encoded by a relatively abundant ovarian mRNA that is detected by a 
mouse ZP3 cDNA probe and is the same size, about 1.5 kb, as mRNA encoding 
the mouse -sperm receptor, ZP3 (83,000 apparent Mr). Like mouse ZP2, 
hZP2 undergoes limited proteolysis following artificial activation of 
hamster eggs in vitro. Results of in vitro assays employing intact eggs and 
isolated zonae pellucidae demonstrate that hamster eggs possess a 
ZP2-proteinase which has a substrate specificity similar to that of the 
mouse enzyme. These observations are discussed in* terms of structural and 
functional relationships that , may exist between hamster and mouse zona 

pellucida glycoproteins . 
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An upstream region of the mouse ZP3 gene directs expression of firefly 
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The gene encoding the mouse egg primary receptor for sperm, a zona 
pellucida glycoprotein called ZP3 , is expressed exclusively in growing 
oocytes within ovaries of sexually immature and mature female mice. We 
have constructed a transgene in which 6.5 kilobases of ZP3 gene 
5* -flanking sequence is fused to the coding region of the firefly 
luciferase gene, and we have generated four independent lines of transgenic 
mice. In these animals, the transgene is expressed exclusively in ovaries 
. Furthermore, within ovaries , expression is confined to growing oocytes, 
and luciferase activity can be detected by assaying individual, isolated 
oocytes. The pattern of firefly luciferase expression during oocyte growth 
is similar to that observed in previous studies of ZP3 expression during 
oogenesis in mice. Observations reported here strongly suggest that 
cis-acting elements present in the ZP3 gene 5* -flanking region regulate 
oocyte-specif ic and, therefore, sex-specific expression of the sperm 
receptor gene during mouse development. They also suggest that such 
elements can be used to direct expression of cloned genes specifically to 
oocytes of transgenic mice and to evaluate the effects of such expression 
on various aspects of early mammalian development. 
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The human zona pellucida, composed of three glycoproteins (ZPl, ZP2, 
and ZP3 ), forms an extracellular matrix that surrounds ovulated eggs and 
mediates species-specific fertilization. The genes that code for at least 
two of the zona -proteins (ZP2 and ZP3 ) cross-hybridize with other 



mammalian DNA. The recently characterized mouse sperm receptor gene (2p 
- 3 ) was used to isolate its human homolog. The human homolog spans 
approximately 18.3 kilobase pairs (kbp) (compared to 8.6 kbp for the mouse 
gene) and contains eight exons, the sizes of which are strictly conserved 
between the two species. Four short (8-15 bp) sequences within the first 
250 bp of th^ 5* flanking region in the human Zp -3 homolog are also 
present upstream of mouse Zp - 3 . These elements may modulate 
oocyte-specif ic gene expression. By using the polymerase chain reaction, a 
full-length cDNA of human ZP3 was isolated from human ovarian poly (A) + . 
RNA and used to deduce the structure of human ZP3 mRNA. Certain features 
of the human and mouse ZP3 transcripts are conserved. Both have unusually 
short 5* and 3* untranslated regions, both contain a single open reading 
frame that is 74% identical, and both code for 424 amino acid polypeptides 
that are 67% the same. The similarity between the two proteins may define 
domains that are important in maintaining the structural integrity of the 
zona pellucida , while the differences may play a role in mediating the 
species-specific events of mammalian fertilization. 
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Mapping of immunogenic domains on porcine zona pellucida 3 alpha and beta 

glycoproteins by murine monoclonal antibodies. 
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PROBLEM: Immunization with zona pellucida (ZP) leads to block in 
fertility with variable degree of ovarian dysfunctions. To design an 
immunocontraceptive vaccine based on synthetic peptides of zona pellucida, 
it is imperative to identify and define epitopes involved in sperm 
binding. METHOD: Epitopic domains recognized by monoclonal antibodies 
(MAbs) specific to either porcine ZP3 alpha or ZP3 beta glycoproteins 
were delineated in an enzyme-linked immunosorbent assay (ELISA) based on 
the ability of a MAb in solution to inhibit the binding of biotinylated 

ZP3 to another MAb coated on a microtitration plate. Immunoblot studies 
were carried out to determine the nature of reactive determinants . Porcine 
oocytes preincubated with MAbs were tested for sperm binding in vitro. 
RESULTS: Out of 23 MAbs generated, 10 had specificity for ZP3 alpha and 
13 for ZP3 beta. By using these antibodies, eight epitopic domains on 
both ZP3 alpha and ZP3 beta were discernible. On ZP3 beta, epitopic 
domain DI partially overlaps with DII and DV with DVI, whereas on ZP3 
alpha domains DI to DV were in close proximity with a partial overlap, 
suggesting the dominance of this region. All 10 MAbs against ZP3 alpha, 
and 10 out of 13 against ZP3 beta recognized deglycosylated forms of 
antigens. Seven antibodies having specificities for ZP3 alpha and ZP3 
beta respectively recognized linear epitopes. MA-30, having specificity for 

ZP3 beta and MA-420 for ZP3 alpha and recognizing linear epitopes 
significantly inhibit the binding of boar sperm to porcine oocytes in 
vitro. CONCLUSIONS: Collectively, these studies indicate the value of 



utilizing MAbs for identifying. and characterizing functionally significant 
ZP determinants. l^IAbs recognizing sequential epitopes will help in the 
elucidation of the amino acid sequence of the epitopes, which will 
subsequently help in design of synthetic immunocontraceptive vaccines. 
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Molecular analysis of cDNA coding for ZP3, a sperm binding protein of the 
mouse zona pellucida. 
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At fertilization, mammalian sperm bind is a species-specific manner to 
the extracellular zona pellucida that surrounds ovulated eggs. ZP3 , an 
83,000-85,000 Da glycoprotein of the murine zona pellucida , has been 
shown to inhibit sperm binding via its 0-linked oligosaccharide side 
chains. We have recently isolated cDNA clones coding for ZP3 and have 
demonstrated that ZP3 transcripts are accumulated in oocytes where their 
expression is developmentally regulated during oogenesis. We now report 
that ZP3 mRNA is 1317 nt long with an estimated poly (A) tail of 200-300 
nt. The short 29-nt 5* untranslated region is followed by a single open 
reading frame coding for a polypeptide chain of 46,307 Da which includes 
six possible sites for N-linked oligosaccharides. The N-terminus of ZP3 
contains a potential 22-amino acid signal peptide which upon cleavage would 
result in a secreted core protein of 43,943 Da. The termination codon is a 
part of the AATAAA polyadenylation signal and is contained in an unusually 
short 16-nt 3' untranslated region. Sequences homologous to ZP3 are 
conserved among mammals and are expressed in ovarian tissue as mature 
transcripts with indistinguishable molecular weights. 
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To investigate whether * mature ovarian oocytes are physiologically 



identical with recently ovulated oocytes, hamster oocytes collected from 
ovaries approximately 1 h before ovulation were compared with the oocytes 
which had been in the oviduct for 3-4 h. Although these two groups of 
oocytes were at the metaphase of the second meiosis, there were 
quantitative differences between the two with respect to (i) sensitivity of 
cumulus matrix to hyaluronidase and spermatozoa (oviductal greater than 
ovarian ) , (ii) size of the perivitelline space (oviductal greater than 
ovarian ) , (iii) viscosity of the ooplasm ( ovarian greater than 
oviductal) , (iv) responsiveness to Ca2+-ionophore (oviductal greater than 

ovarian ) , and (v) time needed in completing meiosis (ovarian greater 
than oviductal) . The most prominent difference was found in the zona 

pellucida . The zona of the oviductal oocyte was * heterogeneous * in its 
optical density and had a stronger acrosome-reaction-inducing ability than 
that of the ovarian oocyte. When cultured in artificial media (e.g. F-10 
medium with serum) for 4 h, the oopl'asm of ovarian oocytes became like 
that of oviductal oocytes. However, their zonae remained unchanged. Zonae 
of ovarian oocytes became like those of oviductal oocytes only when they 
were exposed to ampullary and/or isthmic fluids. The zona-altering factors 
in the oviductal fluid (oviductal glycoproteins ) , which are apparently 
integrated into the native zona, may act to enhance the various functions 
of the zona. 
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Vaccination with a synthetic zona pellucida peptide produces long-term 
contraception in female mice. 
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The zona pellucida surrounding mouse oocytes is an extracellular 

matrix composed of three sulfated glycoproteins , ZPl, ZP2, and ZP3 . It 
has been demonstrated that a monoclonal antibody to ZP3 injected into 
female mice inhibits fertilization by binding to the zona pellucida and 
blocking sperm penetration. A complementary DNA encoding ZP3 was 
randomly cleaved and 200- to 1000-base pair fragments were cloned into the 
expression vector lambda gtll. This epitope library was screened with the 
aforementioned contraceptive antibody, and the positive clones were used to 
map the seven-amino acid epitope recognized by the antibody. Female mice 
were immunized with a synthetic peptide containing this B cell epitope 
coupled to a carrier protein to provide helper T cell epitopes . The 
resultant circulating antibodies to ZP3 bound to the zona pellucida 
of immunized animals and produced long-lasting contraception. The lack of 
ovarian histopathology or cellular cytotoxicity among the immunized 
animals may be because of the absence of zona pellucida T cell epitopes 
in this vaccine. 
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The murine zona pellucida surrounds the growing oocyte, ovulated egg 
and dividing embryo. It is comprised of three sulfated glycoproteins 

designated ZP-1, ZP-2, and ZP - 3 which have molecular weights of 
185,000, 140,000 and 83,000 daltons respectively. We have isolated a series 
of cell lines that produce monoclonal antibodies to ZP-2 ,and to ZP -3 . 
These immunogical probes indicate that the extracellular matrix proteins of 
the zona pellucida are found uniquely in the ovary where they 

surround maturing oocytes. We have demonstrated that passive immunization 
with antibodies specific either for ZP-2 or ZP -3 inhibit in vivo and in 
vitro fertilization. This effect is observed with ng/ml quantities of 
antibody. It appears that the antibodies do not preclude sperm binding 
but rather prevent sperm penetration of the zona by steric hinderance. 
Although long-term, the contraceptive effect is fully reversible and this 
reversibility is associated with loss of antibody from the zona 

pellucida surrounding intra-ovarian oocytes. Antibodies to ZP-2 or ZP 
- 3 had no other adverse effect on in vivo or in vitro preimplantation 
development . 
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The growing murine oocyte is surrounded by an extracellular zona 
pellucida consisting of three sulfated glycoproteins , ZP-1, ZP-2, and 
ZP - 3 . The smallest of these, ZP -3 , has been reported to be the 
species-specific sperm receptor. Monoclonal antibodies have been recently 
characterized to three different antigenic determinants, two found 
exclusively on ZP-2, and one found on both ZP-2 and ZP -3 . The in vivo 
effect of these antibodies on the three known functions of the zona 

pellucida were examined. The most dramatic effect was the prevention of 
fertilization. After administration, the monoclonal antibodies were located 
in the ovary on the zona pellucida of growing oocytes. Eggs ovulated 
subsequently were coated with the monoclonal antibodies and failed to 
develop into 2-cell embryos after mating. Eighty days later, the monoclonal 
antibodies could no longer be detected on the zona of ovarian oocytes. 



and this loss coincided with the resumption of fertility. These findings 
provide molecular evidence for the hypothesis that the immunological block 
to sperm -egg binding need not involve antibody specific for the sperm 
receptor, and that antibodies to the zona pellucida block sperm 
access by steric hinderance. Other known functions of the zona were 
unaffected. The antibodies were unable to induce the biochemical changes in 
the zona associated with the postf ertilization block to polyspermy and had 
no detectable effect on preimplantation development. 
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ABSTRACT: A contraceptive vaccine made of porcine zonae pellucidae (PZP) 
was tested in three Przewalski*s mares and five banteng cows. The vaccine 
antigen consisted of the complete family of glycoproteins of the 
porcine zona pellucida , including the sperm receptor ZP3 . All 
mares and three of five banteng were inoculated with 2 or 3 i.m. 
injections of approximately 65 mu-g of antigen given over a 6 week 
period. Two other banteng received inoculations of only 35 mu-g of 
antigen on the same schedule. Two of the three mares and three of five 
banteng cows were pregnant at the time of inoculation. No new 
pregnancies, as a result of postinoculation breedings, occurred among 
either the mares 36 months after 65 mu-g antigen inoculations or among 
the banteng for 24 months after 65 mu-g inoculations. One postinoculation 
pregnancy resulted among the two banteng receiving only 35 mu-g of 
antigen. Differences in fertility between treated and control mares and 
between preinoculation and postinoculation reproductive performance of 
the banteng were significant (P It 0.05). Urinary ovarian steroid 
metabolites and behavioral observations indicated follicular development 
and ovulations were occurring among treated mares during the year 
following PZP inoculations. PZP immunization produced progressively 
elevated anti-PZP antibodies in both species, which provided 
contraceptive protection. PZP immunization appears to be an effective 
form of contraception in both species. 
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ABSTRACT: The growing murine oocyte is surrounded by an extracellular zona 
pellucida consisting of 3 sulfated glycoproteins , ZP-1, ZP-2 and ZP 
-3 . The smallest of these, ZP -3 , was reported to be the 
species-specific sperm receptor. Monoclonal antibodies were recently 
characterized to 3 different antigenic determinants, 2 found exclusively 
on ZP-2, and 1 found on' both ZP-2 and ZP -3 . The in vivo effect of 
these antibodies on the 3 known functions of the zona pellucida were 
examined. The most dramatic effect was the prevention of fertilization. 
After administration, the monoclonal antibodies were located in the 

ovary on the zona pellucida of growing oocytes. Eggs ovulated 
subsequently were coated with the monoclonal antibodies and failed to 
develop into 2 cell embryos after mating. A total of 80 days later, the 
monoclonal antibodies could no longer be detected on the zona of ovarian 

oocytes, and this loss coincided with the resumption of fertility. These 
findings provide molecular evidence for,- the hypothesis that the 
immunological block to sperm -egg binding need not involve antibody 
specific for the sperm receptor, and that antibodies to the zona 

pellucida block sperm access by steric hinderance. Other known 
functions of the zona were unaffected. The antibodies were unable^ to 
induce the biochemical changes in the zona associated with the 
postf ertilization block to polyspermy and had no detectable effect on 
preimplantation development. 
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The zona pellucida is an extracellular matrix surrounding the mammalian 
egg where species-specific gamete recognition and signaling occur. Pig zona 
pellucida were isolated in large amounts and used as an affinity matrix for 
detergent-solubilized, biotinylated membrane proteins of pig spermatozoa. 
On non-reducing SDS-polyacrylamide gel electrophoresis, specifically bound 
sperm proteins migrated with Mr 170,000, 150,000, 130,000, 56,000, and 



50,000 (p50) . Disulfide bond reduction separated each of the Mr 
130,000-170,000 proteins into Mr 105,000 (pl05) and Mr 45,000 .(p45) 
subunits, indicating that these high Mr proteins are related. Based on 
two-dimensional electrophoresis, the Mr 56,000 band was composed of three 
to four proteins that migrated with Mr 56,000-62,000 {p56-62) in the second 
(reducing) dimension. p50 bound to heterologous zona pellucida (murine, 
bovine) and to Xenopus laevis oocyte envelopes, demonstrating a lack of 
species specificity to its binding and was identified as proacrosin/acrosin 
based on amino acid sequences of two tryptic peptides and its interaction 
with monospecific antibodies to proacrosin. In contrast, pl05/p45 and one 
or more of the p56-62 proteins bound to pig zona pellucida but not to the 
egg . extracellular matrices of the other species; these proteins therefore 
exhibited the species-specific binding to the zona pellucida expected for 
molecules involved in specific gamete adhesion. 7\mino acid sequences of 
nine tryptic peptides derived from pl05/p45 did not match peptide sequences 
in existing databases, establishing it as a unique protein. These (pl05/p45 
and at least one p56-62 protein) are the first sperm membrane proteins to 
be identified that bind in a species-specific manner to the egg 
extracellular matrix. 
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Abstract: The zona pellucida (ZP) has generated considerable interest 
as a target for the immunocontraceptive vaccine, blocking pregnancy at 
pre-f ertilization stage. Antibodies against porcine ZP3 have been 
shown to inhibit sperm -egg interaction. The immunological 
cross-reactivity among the various species of ZP glycoproteins , has 
led to the possibility of heterologous immunization. Recent studies in 
nonprimates using purified ZP components reversible infertility without 
side effects. More recently, peptide immunogens based on the ZP 
sequence, have become candidate contraceptive vaccines with the 
demonstration that the deglycosylated ZP components can block fertility 
with reduced ovarian dysfunction. 
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Abstract: In the human, mature eggs at the pre-ovulatory follicular stage 
placed into the oviduct via gamete intra-Fallopian transfer (GIFT) 
establish more implantations and pregnancies than do those for standard 
in-vitro fertilization and embryo Transfer .(ICF) . Previous studies in 
the hamster have shown that mature follicular eggs are less readily 
penetrated by spermatozoa than oviductal eggs. This study examines 
• whether ovulation or pre-f ertilization exposure to the oviduct per se 
affects sperm penetration and fertilization of mature ova. Three types 
of eggs were used: pre-ovulatory, follicular [12 h post-human chorionic 
gonadotrophin (HCG) , 1-1.5 h pre-ovulation] , and ovulated (bursal and 
oviductal, both 15 +/- 0.5 h post-HCG) . Bursal eggs were obtained by 
ligating the infundibulum on one or both sides of the tract. The 
morphological changes in eggs due to oviductal exposure were quantified 
using computerized image analysis. Cumulus-free follicular and bursal 
eggs were significantly less penetrated than oviductal eggs 1 h 
post-insemination (36, 39 and 62%, respectively) . Cumulus-intact 
oviductal compared to bursal eggs, paired within females, were 
fertilized at a significantly higher rate (4 h post-insemination; 89 
and 58%, respectively) . Fresh oviductal and bursal eggs had equivalent 
cell diameters (79 mu m) and zona thickness (15-15.8 mu m) , but 
oviductal compared with bursal eggs had larger zonae (119 and 116 mu m, 
respectively) and perivitelline volumes (107 and 47 pi) . Oviductal, but 
not bursal, zonae had the oviductal glycoprotein, oviductin, bound to 
them. We conclude that pref ertilization oviductal exposure and not 
ovulation or time post-HCG alters the morphology and f ertilizability of 
eggs . 
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Several studies carried out on hamsters in the author's laboratory are 
summarised. Electrophoretic studies showed that the zona pellucida 

derived from ovarian eggs differed from that of oviductal eggs. 
Fluorescence studies on ovarian eggs, oviductal eggs and ovarian eggs 



treated with oviduct extract suggested that a factor present in the 
oviduct, named egg surface modifying glycoprotein (ESMGp) , was 
responsible for changing the . biochemical properties of zona pellucida 
of eggs after ovulation. Ultras tructural studies showed that ESMGp was 
synthesised by the epithelial cells of the inner wall of the oviduct, and 
was then secreted into the oviduct. Using polyclonal antibodies against 
ESMGp, raised in rabbits, it was shown that the factor on the oviductal 
zona pellucida (Zp-0) was the same as ESMGp. In vitro fertilization of 
hamster ovarian eggs, oviductal eggs and ovarian eggs treated with 
Zp-0, using hamster spermatozoa , resulted in fertilization rates of 100, 
30 and 100% resp. indicating that Zp-0 promotes sperm binding. 9 ref. 
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The mouse zona pellucida consists of 3 sulphated glycoproteins 

(ZP-1, ZP-2 and ZP -3 ) which are synthesised during oogenesis and are 
secreted to form an extracellular matrix which mediates sperm -egg 
interactions and appears to protect the growing embryo as it passes down 
the oviduct. Parenterally administered anti-ZP-2 and anti- ZP - 3 

monoclonal antibodies were found only in the ovary where they had 
attached to the zona pellucida surrounding the growing oocytes . When 
ovulated, these ova could bind spermatozoa , but the presence of the 
antibody effectively prevented sperm penetration of the zona 

pellucida and, thus, inhibited fertilization. This effect continued 
until all the antibody-bound oocytes had ovulated (approx equal to 60 
days) , at which time the treated animals recovered their fertility. 18 
ref. 
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Ovarian ZP3 , the primary sperm receptor, is a major glycoprotein 
of mouse zona pellucida (ZP) . Because antibodies raised against ZP3 
block sperm -egg interaction, ZP3 has been considered a candidate 
immunogen in the development of a contraceptive vaccine. This study 
explored the possibility of using an attenuated Salmonella typhimurium 
vaccine strain expressing recombinant ZP3 to elicit an antibody response 
and infertility in mice. A cDNA sequence generated by the polymerase chain 
reaction encoding 342 amino acid residues (23-364) of the mouse (m) ZP3 
was cloned into an Asd SUP + vector. An avirulent Salmonella vaccine strain 
stably expressed the ZP3 polypeptide and colonized the internal organs of 
mice after oral inoculation. Oral immunization of female BALB/ c mice with 
the recombinant Salmonella vaccine strain expressing mZP3 induced 
significant levels of anti-native ZP IgG antibodies in serum and IgA 
antibodies in vaginal secretions . The IgG antibodies thus induced also 
bound to ZP in vivo. When mated with males, 3 of 6 females immunized with 
the recombinant Salmonella were infertile. In contrast, none of the mice 
that received Salmonella containing the vector plasmid produced antibodies 
to ZP and all were fertile. No ovarian inflammation was observed in the 
immunized mice at autopsy. The results suggest a potential oral 
contraceptive vaccine to control populations of rodent vectors of disease 
and to induce reversible infertility in humans. 
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ABSTRACT: A new protein (I) with marmoset ZP3 (zona pellucida glycoprotein 
3; the sperm receptor) activity has a specified 424 amino acid 
sequence. Also included are: i. fragments of (I) specific for marmoset 
ZP3 ; ii. nucleic acid sequences (I) encoding (I) or its fragments 
(1275 bp sequence reproduced); ii. vectors and live recombinant carries 
containing (II); ill. host cells carrying (II) or a vector; iv. 
antibodies against (I) or its fragments. (I) is particularly at least 
partially glycosylated. A ZP3 cDNA sequence isolated from marmoset 
ovary RNA was transferred to a mammalian expression vector and ZP3 
expressed in CHO cells. Alternatively, (I) is expressed in Escherichia 
coli as a maltose binding protein fusion protein. Antibodies, 
preferably humanized, are produced by conventional B-lymphocyte 
immortalization methods. (I) and the antibodies are useful as 
immunocontraceptive vaccines and as diagnostic reagents. Since marmoset 
ZP3 has 91% homology with the human protein, it represents an 
excellent test system. (27pp) 



